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Some Selling Problems 


Several years ago we published a series of 
articles on the subject of ‘‘ The Selling of Cast- 
ings,’’ and what was then said holds good to-day, 
provided the consumer is an ordinary industrial 
organisation, There is, however, a very large 
percentage of castings made which are _ sold 
either to merchants or public-utility concerns, 
and herein the problem of selling is beset with 
both difficulties and advantages. In the case 
of rainwater goods and the like, the sales con- 
ditions are taken care of by agreement between 
the respective trade organisations—a system 
which in general works quite satisfactorily. 
Difficulties enter when the relationships are dis- 
turbed by foreign competition, as is the case 
with baths. 


Fortunate, too, are the manufacturers of gas 
and electric cookers, in as much as the major 
portion of their output is disposed of by the 
great public utility concerns, which nowadays 
not only organise showrooms for displaying the 
products of the foundry, but take care of their 
servicing. The rivalry between gas and elec- 
tricity concerns, however, sometimes results in a 
clamour for non-economic selling prices. At the 
least there is a general freedom from bad debts. 
When one considers the question of solid-fuel 
burning apparatus, the situation changes. A 
certain amount of help is given in some localities 
for stoves and boilers burning coke, as the gas 
companies are interested in disposing of one of 
their principal by-products, but for coal, all that 
is being done effectively by the intermediary is 
a national advertising campaign extolling the 
virtues of the open coal grate. This method of 
selling is also used by the manufacturers of a 
few types of stoves, hot-water radiators and 
lawn mowers. The foundries making other types 


of machinery and apparatus which eventually 
find a resting place in the ordinary homestead: 
have to make up their minds as to whether they 
will sell virtually anonymously to the great 
stores or to supply the independent shopkeepers: 
with their own trade-marked goods. Generally 
speaking, the stores are initially the better 
salesmen; by arrangement they will create a 
special show at appropriate seasons, but the 
personal element is lacking and the following 
year the management may decide to feature 
samebody else’s make. In the long run it is 
safer to deal with the independent shopkeeper 
rather than the departmental stores, but this 
method is, if only because of numbers, more ex- 
pensive. The servicing of apparatus ‘is, gener- 
ally speaking, better carried out by the shop- 
keeper. 

It is unquestionable that both the gas and 
electric cooker and stove foundries have derived 
much benefit through the liaison the distributors 
form between manufacturer and a multitude of 
customers. Apparatus using solid fuel has very 
largely emulated the progress registered by their 
competitors, but emulation involves a_ certain 
amount of complication, and herein lies the 
difficulty, for these complications demand periodi- 
cal servicing, which normally is not too easy 
to procure. For instance, excellent coke or 
anthracite-burning boilers are available for pro- 
viding the domestic hot-water supply. For a 
given service the fuel consumption will be trebled 
by unintelligent stoking and damper control. 
Should the master of the house demonstrate 
economic operation to the maid, a _ poor 
response, probably on psychological grounds, is 
achieved, but if some uniformed official, well used 
to the handling of such propositions, were called 
in, better and more economical results would be 
secured. An organisation—the Combustion Ap- 
pliance Makers’ Association (Solid Fuel)—already 
exists to promote, inter alia, the welfare of the 
industry manufacturing domestic appliances, and 
it is perfectly obvious that if they wish to com- 
pete on level terms with the apparatus serviced 
by the public-utility concerns, they must ap- 
point service men in every large centre to give 
disinterested advice. A heating and ventilating 
engineer once informed us that an expenditure 
of £70 was required to modernise a central- 
heating system, and when asked what saving 
in fuel consumption there would be to maintain 
specified room temperatures on the existing in- 
stallation, he demanded a heavy fee for such 
an investigation! Again, let any two house- 
holders discuss the operation of the same type 
of solid fuel burning stove or boiler and it will 
be revealed that they use different grades of 
fuel and employ various means of stoking. 
Finally, each has a mental reservation that his 
method, after all, evolves more heat or involves 
less trouble for a given service. In plain English, 
there is an insufficient lack of guidance by the 
manufacturer as to the operation of solid fuel 
fired apparatus, and by the man in the street 
too ready an acceptance of the fact that any 
fool can light and maintain a fire, and too little 
a realisation that proper combustion is a highly 
scientific procedure. It is on these grounds that 
we suggest the creation of a service department 
as an aid to selling the products of at least one 
important section of the foundry industry. 

c 
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Iron and Steel Institute 


PAPERS FOR AUTUMN MEETING 
CARDIFF 

The Iron and Steel Institute has just issued 
a list of the Papers in connection with the 
Autumn Meeting in Cardiff, which is to be held 
from September 12 to 15, and details of which 
were given in our July 20 issue. This list is 
appended. 

List of Special Report and Papers 

Special Report No. 27, Ninth Report on the 
Heterogeneity of Steel Ingots, will be presented 
as follows :— 

Section I.—‘‘ Introduction.’’ Section IIf.—‘‘ A 
Review of A. Hultgren and G. Phragmén’s 
Theoretical Discussion of the Progress of 
Solidification of Iron-<Carbon-Oxygen Alloys,”’ 
by C. A. Edwards, D.Sc., F.R.S. Section 
iIfI.—‘‘ Rimming Steel. Further Studies of 
the Composition Variation from Outside to 
Centre,’’ by T. Swinden, D.Met. Section 
IV.—‘‘ Practice in the Manufacture of 
Rimming Steel.” 

Part 1.—Acid-Bessemer Practice: ‘‘ The 
Manufacture of Rimming Steel at Workington 
by the Acid-Bessemer Process,’’ by T. Swinden, 
D.Met., and F, B. Cawley, M.Met. Part 2.— 
Basic-Bessemer Practice: ‘‘ The Manufacture 
of Rimming Steel by the Basic-Bessemer 
Process at Corby,’”’ by W. B. Kerlie. Part 
3.—Basic Open-Hearth Practice: ‘‘A, The 
Manufacture of Rimming Steel at Temple- 
borough,’”’ by N. H. Bacon; ‘‘ B, The Manu- 
facture of Rimming Steel at the Irlam Works 
of the Lancashire Steel Corporation, Limited,’’ 
by D. Binnie, Ph.D.; ‘‘ C, The Manufacture 
of Rimming Steel at the Normanby Park Steel 
Works,”’ by J. B. R. Brooke; ‘‘ D, Notes on 
the Practice of Making Rimming Steels at the 
Cardiff Works of Guest Keen Baldwins Iron 
& Steel Company, Limited,’’ contributed by 
the Company; ‘‘ EF, Rimming Steel Practice 
at Glengarnock Iron and Steel Works,’’ by J. 
Gibson; ‘‘ F, Some Notes on the Manufacture 
of Rimming Steel at Briton Ferry, Using Cold 
Pig-Iron and Scrap in the Basic Open-Hearth 
Furnace,”’ by J. S. Lewis; “G, Rimming 
Steel from Basic Open-Hearth Furnaces at 
Bilston,”’ by R. S. Rolfe. Part 4.—General 
Survey: ‘‘General Survey of the Practical 
Aspects of Rimming Steel Manufacture,’ by 
J. Mitchell. 

The following Papers will also be presented :— 

No. 1.—‘‘ An X-ray Investigation of the Iron- 
Rich Nickel-[ron Alloys,’’ by A. J. Bradley and 
H. J. Goldschmidt. 

No. 2.—‘ Niobium-Iron 
Genders and R. Harrison. 

No. 3.—‘‘ The Causes of ‘ Roll Marks’ on Tin- 
plate,” by R. Griffiths. 

No. 4.—‘‘ The Influence of Steel-Base Com- 
position on the Rate of Formation of Hydrogen- 
Swells in Canned-Fruit Tinplate Containers— 
Part I,’’ by T. P. Hoar, T. N. Morris and W. B. 
Adam. 

No. 5.—‘‘ Transformation of Austenite on 
Cooling; Morphology and Genesis of the Aggre- 
gates Formed,’’ by H. Jolivet. 

No. 6.—‘‘ Antimony in Mild Steel,’’ 
Jones and J. D. D. Morgan. 

No. 7.—‘‘ Decarburisation of Granulated Pig- 
Iron: the ‘ R.K.’ Process,’’ by Count Bo Kalling 
and Ivar Rennerfelt. 

No. 8.—‘‘ The Effect of Casting Temperature 
on the Primary Microstructure of Cast Irons. 
Theories of Dendrite.Formation and of the 
Solidification of Tron-Carbon Alloys,’’ by A, L. 
Norbury. 

No. 9.—‘‘ Tensional Effects of Torsional 
Overstrain in Mild Steel,’’ by H. W. Swift. 

Special Report No. 27 and Paper No. 7 will 
be presented and discussed at the technical ses- 
sion to be held on Tuesday evening, Septem- 
ber 12, in the Lecture Theatre of the South 
Wales Institute of Engineers. 


IN 
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Department of Scientific 
and Industrial Research 


COST OF WORK 


The work of the Department of Scientific and 
Industrial Research is discussed in a report by 
the Select Committee on Estimates. 

The net cost of the Department of Scientific and 
Industrial Research has risen in the last five years 
by 30 per cent., the numbers of the staff by 26 per 
cent. ‘The Department claim on their annual expen- 
diture to be earning for industry a dividend of some- 
thing between 500 and 600 per cent. While unwilling 
to endorse any such precise figures, the Committee 
recognise that the number and variety of the investi- 
gations conducted by the Department, on behalf both 
of the State as a he and of individual industries, 
will, and indeed should, increase. They feel that 
a corresponding increase in staff and cost of the 
Department should not be necessary, particularly if 
the system of recruitment from potential scientists 
rather than from administrative officers is strictly 
adhered to, and if every opportunity is taken to 
maintain fluidity between separate sections of the 
staff. 

The Committee desire to see this Department more 
nearly self-supporting. They are aware that in 
respect of one class of research (where the results of 
the work are confidential to the concern on whose 
behalf it is undertaken) the full cost is charged 
to the Department or industry requiring that inves- 
tigation. The cost of the remaining research work 
or research establishments is only partially offset. by 
the appropriations in aid, which appear in the esti- 
mate as one lump sum. The Committee are informed 
that it would be difficult to return to the older 
practice of itemising the appropriations in aid. 
Nevertheless, they recommend that such steps be 
taken in this direction as may be practicable, and 
the same course might with advantage be adopted in 
the case of the research grants. The estimate, they 
state, will thus give a better indication as to which 
investigations pay their own way, and it will lie 
with the Department to justify such as appear not to 
do so. Witnesses gave figures to show that in their 
opinion a small part alone of the activities of the 
Department had resulted in recent years in a saving 
to industry of about £4,000,000 a year. If suck: 
figures can be substantiated, the Committee would 
draw attention to the justice of charging the indus- 
tries concerned with fees sdjusted to attract the 
maximum revenue. No grounds should, however, be 
left for any accusation that the Department is 
making any net profit from the research, nor that 
the fees are so high as to discourage the use of 
the Department’s facilities by industry. 

The Geological Survey, the Committee state, 
appears now to have been in progress for over a 
century. It would appear desirable soon to come to 
some definite conclusion as to how much longer this 
activity is to continwe. 








Steel Helmets for Sale 








Seven hundred thousand steel helmets are waiting 
in Government stores for issue to members of Air 
Raid Precautions Squads in industrial and commer- 
cial establishments, but few orders are coming in 
for them. The Civil Defence Act lays on all who 
employ more than 30 persons in any factory 
premises, mine, or commercial establishment, any- 
where in the country, the obligation not only to 
see that all their employees know what they should 
do in the event of an air raid, but to ensure that 
a@ proportion are trained and equipped in A.R.P. 
measures. The members of these squads will require 
steel helmets. 

Arrangements have been made by the Govern- 
ment, through a Joint Committee of employers 
representing all sections of industry, for the supply 
of helmets and order forms have been made avail- 
able for the purpose. Firms who are not members 
of any trade association can obtain them by apply- 
ing direct to the Finance Office, Home Office, 
Whitehall, London, S.W.1. The helmets cost 8s. 6d. 
each and the cost is deductible as an expense from 
trading profits for income-tax purposes. Seven 
sizes, corresponding with the ordinary hat sizes, are 
available, and the numbers necessary can be ascer- 
tained from the pamphlet ‘‘ Preliminary Memo- 
randum on the Organisation of Air Raid Precau- 
tions Services in Industrial Undertakings,’ pub- 
lished by the Stationery Office, price 3d. 

(Concluded at foot of next column.) 
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Random Shots 


It is a fallacy to think that everything in the 
United States of America is necessarily of recent 
origin. Iron, for instance, was being made in 
Connecticut in 1658, an ironworks was well est::\)- 
lished in New Jersey during the 1670’s, whilst 
Pennsylvania had its steel furnaces as early as 
1750. Another fact not generally realised, so 
used is one to hearing America talked of as 
the ‘‘ New World,” is that whereas the Kingdom 
of Italy was formed about 1862, and the Empire 
of Germany in 1870, the United States of 
America were established about a hundred years 
ago. 





* * * 


In the event of another serious shortage of 
scrap the railings round the many parks of all 
our large English cities could supply a few 
thousand tons. What now defend the parks from 
nocturnal visitors of an unpleasant nature could 
be made to defend the country from other noc- 
turnal visitors of an equally unpleasant nature! 

* * * 

This is no new idea, however, for Germany 
is reported to have made short work of her park 
railings! So, so long as England can keep her 
parks enclosed her people can keep a cheerful 
heart! 

* * * 


Perhaps the greatest damage that the enemy 
could do to the civilian population in the next 
Great War would be to bomb straight off all 
the can-opener factories ! 

* * * 


The traditional aim in any battle has always 
been, apparently, to kill off as many of the 
enemy as possible. The longer that war is post- 
poned the more perfectly mechanised will the 
army become, and the aim of any mechanisation, 
apparently, is to eliminate the human element. 
Ergo, if war can be averted until complete 
mechanisation is achieved, no one would be 
killed and thus the whole idea of it would be 
necessarily reduced ad absurdum. 

cd ” * ee 


Beware the microphone on the _ speaker's 


platform. They have a nasty habit of intensi- 
fying ‘‘asides’? as well as_ the _lecturer’s 
deliverance. On ore occasion an awkward 


moment was caused when the chairman leaned 
over and whispered to his next but one neigh- 
bour. It was just a second or so before the 
lecturer was beginning to speak. The micro 
phone unfortunately caught up the remark and 
boomed out for all the audience to enjoy, ‘How 
long will that silly old washerwoman talk?” 

‘* MarKsMaN.”’ 








Building Industry's Position 

The position of the building industry showed 4 
considerable improvement last month, according t 
the Building Industries’ National Council, but it 1 
due to an urgent short-term programme to provide 
hutment camps for the Militia, and there % 
evidence that the normal activity of the industry 
has shown less than the usual seasonal increase 
This decline in normal work forthcoming for the 
industry is also shown in the figures of building 
plans approved by 142 local authorities in Great 
Britain during June. Following the poor return for 
May the total, at £7,579,000, shows a decline on the 
year of £1,058,000, or 12.2 per cent. The totsl 
for the twelve months ended June, at £92,900,000. 
is the lowest since the year ended June, 1934. The 
fall on the year is again mainly due to dwelling 
houses, plans for which, at £3,988,000, show a fall 
on the year of £1,645,000. The housing figure for 
the year ended June is the lowest recorded sinc 
1933. 


——— 








Over seven hundred thousand helmets have beet 
set aside for industry, but only 30,000 have been 
ordered. The Civil Defence Act became law 
July 13, and is now, of course, in full force. The 
Air Raid Precautions Department are anxious t 
receive orders for steel helmets at the earliest pos 
sible moment, in order that employers may at once 
carry out their obligations under the Act. 
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The Compounding of Alloys: 


FROM THE ASSOCIATION 


TECHNIQUE DE FONDERIE 


DE BELGIQUE 


The International Committee of Foundry- 
men’s Associations has been well inspired by 
adopting the French proposal requesting that 
the rules governing the preparation of alloys 
should be examined or simply emphasised at the 
London Congress. Not that the authors have 
been influenced by the assertion read a short 
time ago that ‘‘for melting and making up 
alloys, it is considered that a labourer, even 
superficially trained, suffices for carrying out 
this often very delicate work.’’ This was 
perhaps true 20 years ago, but it is no longer 
so. The really remarkable results obtained in 
the foundry industry indicate a technical and 
scientific control which can be exercised only by 
an efficient technician. 

The literature is abundant and opinions are 
often in agreement. The authors do not know 
whether foundrymen—or more exactly foundry 
executives—have attained a level permitting 
them to perceive, appreciate and control all the 
factors involved. The object of this Report is 
not to widen their horizon, but to compare the 
general problems engaging the attention of 
foundrymen, and to point out that they are on 
the same plane, regardless of the metal of the 
alloy to be melted or prepared. 

The foundryman must know the characteristics 
of the alloy which is to be made: those specified 
by the customer, by the user of the casting, and 
those demanded by the foundry for producing a 
sound casting. In chronological order, he will, 
in the first place, have to devote his attention 
to the raw materials to be supplied with regard 
to their nature and quality. The latter should 
be observed both in new material and in scrap. 
The impurities of metals employed in the pro- 
duction of alloys are capable of exerting a con- 
siderable influence on their properties, the latter 
varying with the quantity and nature of the 
impurities (Broniewski). This is true of all 
ferrous and non-ferrous metals. A few tenths 
per cent. of oxygen appreciably diminish the 
capacity of deformation of copper. They con- 





siderably reduce all the properties of steel 
(tensile strength, elastic limit, elongation, 
notched-bar impact strength). Foundrymen 


producing cast iron are well aware of the pheno- 
enon of heredity. 

Some metallurgical operations have a sufficient 
refining effect to permit the use of more or less 
impure charges. It is to be expected that the 
slags utilised in making steel, cast iron and 
other metals will be studied more and more, and 
that their scientifically rational application will 
result in remarkable purification by chemical 
equilibrium, because taking an example experi- 
enced in the metallurgy of iron and steel and 
quoted by Prof. Portevin, it is the art of the 
metallurgist to be able to produce something 
very good from something mediocre. This is 
fortunate, because, generally speaking, the 
foundryman is obliged to use scrap, which during 
melting or use has retained or absorbed harmful 
elements, often of the same nature as those 
ound in raw materials. 


Rusty Scrap in Malleable Practice 


Foundrymen who make malleable castings are 
cautious of this. They dislike ‘“‘old”’ scrap, 
which is always more or less rusty, and they 
recommend that scrap should be stocked in a 
cry place under cover. They advise against the 

se of puddled iron, and it can be added that 
they ought, as far as possible, to classify their 
teel scrap according to whether it be basic 
Pessemer, acid open-hearth or electric, charac- 





* Paper presented to the International Foundry Congress held 
Londonjand organised by the Institute of British Foundrymen. 


terised by a different order of compounding and 
taking the origin of the scrap into account. In 
the old-fashioned Herstal crucible method of pro- 
ducing malleable castings, the latter were 
cleaned outside the moulding shop, and in damp 
weather the runners had a tendency to oxidise, 
but the old foundryman, the ‘“ shop ’’ foreman, 
who had the entire responsibility of casting and 
melting, would never use them without having 
first removed the layer of oxide by passing 
them through a tumbling barrel. This took 
place as long ago as fifty years. In one Belgian 
shop there can be seen the influence exerted by 
the more or less accentuated alteration of cast- 
ings in service on the qualities of the castings 
produced by remelting the old castings. Ingot 
moulds for steel perish after a more or less 
considerable number of castings. They 
deteriorate chiefly in the lower two-thirds, the 
upper third near the head remaining almost 
intact. The cupola charges consist of 50 per 
cent. scrap, 35 per cent. new hematite pig, and 
15 per cent. special iron, the function of which 
is primarily to de-oxidise the molten metal by 
the action of an element such as titanium, and 
secondly to prevent the excessive graphitisation, 
by de-oxidising, through the action of a second 
element, chromium or vanadium. The resultant 
of these two actions is plain, but it is affected 
by the quality of the scrap. If the latter be 
composed of runners or used ingot moulds which 
have been only slightly altered, that is only 
slightly oxidised by their service in the steel 
plant, this resultant is extremely and very 
favourably effective. If the scrap consists 
solely of pieces of heavily ‘‘ worn ’’ ingot moulds, 
it has a very pronounced effect in causing a 
reduction of possibly up to about 20 per cent. in 
the life of the new ingot mould produced there- 
from. 
High-Sulphur Scrap 


Another example, also culled from ferrous prac- 
tice, shows the danger of certain kinds of scrap. 
In the demolition of a battery of coke ovens, 
the very abundant rust on the steel pieces ab- 
sorbed 5 per cent. of its weight of sulphur, 
sufficient to upset the operation of an open- 
hearth furnace. This scrap should have been 
wire-brushed. 

This influence of scrap, the contamination of 
which is known, should be considered by the 
producers of raw materials, some of whom still 
deny the influence of elements incapable of esti- 
mation in ordinary practice and in all probability 
constituting the reason for the heredity, of 
which iron founders are no longer ignorant. One 
may cite Belgian experience with the open-hearth 
furnace where, despite long-continued refining 
and corrective additions, the influence of the 
pig charged—basic pig or refined iron—the aver- 
age manganese content of the charge being re- 
spected, may be clearly shown by a test for the 
rapidity of attack by acids. 


Non-Ferrous Scrap 


Cleanliness of scrap is not to be judged solely 
from the point of view of rust. In the alu- 
minium foundry, for instance, scrap containing 
greasy products should not be introduced into 
the bath without prior burning-off. The in- 
fluence of oxidised materials may also be recalled 
because hydrates of aluminium in the mass and 
in full contact with the molten aluminium 
liberate water which, in its turn, reacts as indi- 
cated later on. The observation on the influence 
of greasy materials is applicable to any alloy. 

Even though the foundryman always en- 
deavours to start with a choice of raw materials 
to be charged, he will sometimes, often in most 
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cases, find himself under the necessity of em- 
ploying materials imposed by local conditions. 
The least which he ought to endeavour to know 
is the result of any alteration in nature and 
quantity. ; 


Advantages of Ingotting Scrap 

The uncertainty of the composition of scrap 
should also be cited, especially but not always 
the “ bought ”’ variety. It is germane to recall 
the advantage of running down the scrap into 
ingots to give an average composition, and to 
emphasise the necessity of conducting this opera- 
tion according to all the rules of the art, just 
as if it was a matter of making castings, since 
badly conducted melting may add appreciably 
to the deterioration in quality of the remelted 
ingots and dangerously accentuate their short- 
comings. 

The choice of raw materials may be suggested 
from other considerations:—the raw materials 
may have very different densities or very dif- 
ferent melting points. In the first case, double 
melting may be necessary or the type of furnace 
should be chosen so as to correct the tendency to 
separation by density, such as the high-frequency 
electric furnace, where the natural mixing is 
very vigorous. In the second case, the complete 
ingotting or alloying to give an intermediate 
composition may be considered. Cast iron, like 
the non-ferrous metals, provides examples of 
running down scrap into ingots or pigs. 


Influence of Atmospheric Humidity 


In every case, the metal to be melted will be 
brought under the influence of air while at a 
high temperature. The air comes from the atmo- 
sphere which is essentially variable. In a report 
published on the occasion of a presentation to 
Prof. Pisek, one of the authors laid stress on 
the variations occurring during the operation of 


TaBie I.—IJnfluence of Atmospheric Humidity on Cupola 








Conduct. 
Per cent. of oxygen 
Wt. of water | | relative to the wt. 
ingrams per) (14. of iron melted in the 
Temp. | cub. m. os | cupola on the 
Deg. C.| (saturation | POPS | assumption of 10 per 
g a P I 
| at loo | OXY gen. | cent. coke and 
per cent.) | 12 cub. m. of air 
| per kgm. of coke. 
— 5 3.23 2.87 | 0.3444 
0 4.9 | 4.35 | 0.522 
5 | 6.99 |} 6.21 | 0.7452 
10 | 9.8 |} 8.71 | 1.0452 
15 13.70 12.17 | 1.4604 
20 18.60 16.53 | 1.9836 
25 25.80 22.93 | 2.7516 
30 35.00 31.11 3.7332 
35 47.00 41.77 5.0124 





the open-hearth furnace, in particular, in rela- 
tionship to the humidity of the air and that of 
the gas. Moisture appears to have a much more 
considerable influence than an excess of air for 
the same quantity of oxygen. The influence of 
the seasons, that of night relatively to day, in 
a word every variation of temperature makes 
itself felt. Table I gives figures illustrating 
this. 

At 35 deg. C., therefore, the air may bring 
into contact with the iron a weight of oxygen, 
derived from water, equal to 5 per cent. of the 
weight of the iron melted. In winter, at — 5 
deg. C., the danger is only 1/15th of that which 
is incurred at the highest temperatures (35 
deg. C.). 

It should be noted that the figures given in 
Table I are maxima, and that in order to attain 
them, there should be the necessary temperature 
and also a source of water for producing satura- 
tion. Executives are not often in control of 
the latter, which leads to the statement that in 
the industrial world there are privileged persons 
whose plants are situated in a dry climate. 
There are cases where this notion may be 
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applied, and one which has been tried was that 
of the passage of hot air through a valve hav- 
ing a wide water seal, resulting in a saturation 
with water having a very definite effect on the 
oxidation of the bath. 

The fuel should be dry when it comes into con- 
tact with the metal at a temperature below the 
melting point. Metal at red heat is affected by 
oxidation. This remark does not apply to 
cupola coke, the moisture of which is expelled 
in the upper zones. Artificial fuels in particular 
are concerned because they are made from more 
or less moist coal. If, for instance, producer 
gas is employed hot, it contains all the moisture 
of the coal. Experience has shown that, on 
changing from a coal having 6 to 7 per cent. 
moisture content to one having 9 to 10 per cent., 
there was a marked change in the behaviour of 
the bath of an open-hearth furnace. The 
authors greatly appreciate those metallurgists 
who, in abandoning the perhaps illusory advan- 
tage of the conservation of the sensible heat of 
the gas leaving the producer, coo] the gas, thus 
condensing the maximum amount of the water 
vapour which it contains. 

It is worth emphasising that the water vapour 
of the fuel has a different effect from that of 
the water formed by combustion. As the authors 
have always been led to make these observations 
in the case of the open-hearth furnace, the 
reason for this distinction may reside in the fact 
that the current of gas is projected violently 
against the bath, and the contact of the water 
vapour of the gas is more intense than that of 
the vapour formed during combustion and dis- 
seminated in the mass of burnt gas, the contact 
of which with the bath is relatively very slight. 

Schuz and Stotz, in their work ‘ Malleable 
Iron,’’ indicate that the reaction Fe + H,O 
FeO + H, takes place in contact with the 
molten iron. This view confirms those now pos- 
tulated for a different alloy from steel, and may 
invalidate the conclusions made in a_ recent 
article in ‘‘ The Foundry,” stating that mois- 
ture has no effect on the working of the cupola. 
It is true that the author of the article cited 
merely draws up a thermal balance sheet and 
does not deal with the influence of oxidation. 


Impurities Absorbed during Melting 


Combustion actually takes place in the vicinity 
of the metal and produces near the latter either 
solid, liquid or gaseous entities capable of being 
absorbed—the carbon and sulphur of the coke, 
hydrogen, carbon monoxide, carbon dioxide, 
nitrogen and hydrocarbons. It cannot be said 
that any metal is protected from such absorp- 
tion. Good examples are afforded by steel, cast 
iron, copper and its alloys and aluminium. In 
this connection, it may be mentioned that prior 
work conducted under the direction of Mr. 
Moressée, President of the Belgian Foundry- 
men’s Association, has provided information con- 
cerning the occluded gases of different types of 
steel and that this work is being continued on 
cast iron. The results will be published shortly. 

As a matter of general interest the following 
may be cited from some literature on alu- 
minium :— 

‘“Gases may be classified in decreasing order 
of solubility in aluminium as follows :—Hydro- 
gen, town’s gas, methane, carbon dioxide, 
oxygen, carbon monoxide, nitrogen. At melting 
temperatures (700 to 800 deg. C.) the first three 
of these gases, and hydrogen in particular, are 
to be feared the most. Radiographic tests have 
shown that water vapour formed in a damp 
mould in contact with the molten metal reacts 
on the latter and gives up hydrogen to it, this 
being effected with considerable facility due to 
the fact that the vapour is momentarily under 
pressure. It is reported that aluminium has 
been caused to absorb 200 per cent. of its volume 
in hydrogen by passing water or hydrogen 
through it.’ 

In this reference, there is again apparent the 
influence of water which is similar in the case of 
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aluminium to that mentioned by Schuz for mal- 
leable iron. The reaction involved is :— 
Al, + 3H,O = Al,0, + 3H, 

The dissolved gases are generally contained in 
the fuel or are the products of, incomplete reac- 
tion. Their contact with the metal should be 
reduced te a minimum, whence the advantage of 
rapid melting, and as their solution is a function 
of the temperature, the latter should likewise be 
limited. 

Rapid melting may be effected by a multiple 
and judicious distribution of the fuel and air 
in order to increase the surface of contact, or by 
employing fluids under high pressure in the form 
of thin streams, or by preheating one of the 
fluids, or again by selecting a fuel having the 
maximum speed of flame. The following, figures 
for the speed of flame are taken from Le 
Chatelier’s ‘‘ Lecons sur le carbone, la combus- 
tion, les lois chimiques ’’ :— 


CO + 30,.. 6 ft. per sec. 


7} Maximum 


H, +40, . 66 ft. per sec. 
C,H, + 30, . .660 ft. per sec. speeds. 
CH, Ae ..12 to 15 ft. per sec. 


A well-known furnace designer has kindly sup- 
plied the following additional figures :— 

Speed of Flame. 
18 to 33 ft. per sec. 
i. as 
2 ww» 

Town’s gas .. , oo S15 SS fw 
Natural gas ‘A a ae +. fe 

The variations in the speed of flame of this 
latter list of figures is explained by the fact that 
the individual gases vary widely in composition. 
These variations ought to be taken into con- 
sideration as is shown by the following 
example : - 

Coke-oven gas has been investigated and it has 
been concluded that a content of 47 to 48 per 
cent. of hydrogen can in no way be compared 
advantageously from the point of view of the 
operation of an open-hearth furnace and the 
quality of steel with a content of 55 per cent. of 
hydrogen. It has been pointed out on a previous 
occasion that, with this latter percentage of 
hydrogen, operators have obtained carbon steels 
which were very particularly resistant to shock 
and which possessed the feature of coming within 
the fine grain category of the A.S.T.M. classifica- 
tion. 

The melter ought therefore to take note of 
the atmosphere of his furnaces and endeavour to 
become better acquainted with the influence of 
each of its elements. It should be pointed out 
that the protection afforded by the crucible is by 
no means complete, because the latter is more or 
less porous, and intensified melting brought 
about by forcing the combustion through an in- 
crease in the volume of air and in the pressure 
between the crucible and furnace may cause air 
or furnace gases to pass through the wall of the 
crucible, resulting in contamination of the metal. 


Occluded Gases 


The metal will thus become contaminated 
whilst melting. It will oxidise by virtue of the 
general law governing the solution of an oxide 
in its metal, and it will absorb gases in various 
proportions. These gases will remain partly 
dissolved or occluded in the casting or ingot after 
it has cooled. Are these oxides and_ gases 
dangerous ? 

At the commencement of this Paper the 
authors recalled the harmful influence of oxygen 
on the mechanical properties of steel and copper. 
The influence of nitrogen is also well known. In 
steel it exists either in the free state in the 
blowholes or occluded in the metal, or in the 
state of nitrides. Tchischewski’s investigations 
show the influence of increasing nitrogen con- 
tent, which in varying from 0 to 0.15 per cent. 
increases the tensile strength from 28 to 50 tons 
per sq. in. and reduces the elongation from 37- 
38 to 3-4 per cent. In malleable iron, on the 
contrary, according to Wiist, nitrogen has no 
effect at all. 


Blast-furnace gas 
Producer gas 
Water gas 
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Dissolved hydrogen is retained in steel after 
cooling, and seriously affects the capacity for 
deformation. It is liberated by prolonged heat- 
ing at a low temperature. Schuz states that 
‘“‘ hydrogen is very easily absorbed by molten 
iron, but it is also easily liberated. It does not 
appear to have any influence on the properties 
of the finished castings.’? It must be pointed 
out, however, that in the periods of heating and 
cooling during the annealing operation, the cast- 
ings are in the necessary conditions for the 
removal of gas from the steel, and the eventual! 
elimination of hydrogen will be complete. 


Gas Content of Grey Iron 


According to Perry, grey iron when heated for 
165 hrs.—the abstract of the article in the 
authors’ possession does not state the tempera- 
ture—gives off 205 times its volume of hydrogen 
and 135 times its volume of carbon monoxide. 
They do not know of any Papers giving the 
figures for the mechanical properties of this alloy 
before and after the removal of gas. 

In an endeavour to summarise the subject, 
however, the following facts may be correlated 
as follows: 

(1) Specimens of rolled steel improve in course 
of time at the ordinary temperature. They 
tend towards the figures for elongation and 
reduction in area given by a_ degasification 
process. 

(2) Degasification at 100 deg. C. 
24 hrs.’ heating. 

(3) Degasification at 500 deg. C. only requires 
a few hours (4 to 5). 

Is not the first improvement caused by degasifi- 
cation which is slow because it takes place at the 
ordinary temperature ? 

On the other hand, the ageing of iron castings 
improves their value. Is there not a parallel 
between the two actions, and while knowing 
that one may be running contrary to accepted 
opinions—perhaps personal ones—may one not 
ask what part is played by degasification in the 
treatment at 600 deg. C. carried out for re- 
moving internal stress? 

Eilender and Oertil in ‘‘ Stahl und Eisen ”’ for 
April 26, 1934, state that occluded hydrogen 
produces high external tensions. 


requires 


Influence of Melting Temperature 

A high melting temperature promotes re- 
actions and the absorption of various gases. 
Schuz, with reference to the air furnace in 
malleable iron foundry practice, states that un- 
necessary superheating increases the melting 
losses and renders the iron too viscous on account 
of the carbon content. At the same time, the 
gas and oxide content of the metal increases, 
and there is a risk of producing ‘ blown” 
castings. In the case of the rotary furnace, the 
author states that if the operation is protracted, 
the carbon burns very rapidly having regard to 
the high temperature. Much silicon passes into 
the slag, the bath becomes charged with oxides 
and gas, and the iron acquires a poor flowing 
power. 

In the aluminium foundry, it is advisable to 
limit the temperature as much as possible, and 
in steel melting, the opinion of the advantage of 
a light ladle skull, indicating a temperature 
that is not too high, appears to be accepted. 

The very praiseworthy British Exchange 
Paper presented by H. H. Shepherd at Paris 
states that for obtaining good results when em- 
ploying steel in charges for malleable iron, the 
melting condition’ should be well controlled to 
produce a superheated metal without excessive 
oxidation. This leads to the belief that Mr. 
Shepherd agrees as to an increase of oxidation 
with increasing temperature. In the section 
dealing with the effects of superheating, how- 
ever, he states that in general the solubility of 
gases diminishes when the temperature ‘‘ rises.”’ 
It would be interesting to have this point settled 
during the course of the London Congress. 


(Concluded on page 98.) 
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Control of the Solidification of Castings 
by Calculation’ 


By N. CHVORINOV,7 Met. Eng. 


[Presented on behalf of the Ceskoslovensky Odborny Spolek Slevarensky| 


The mechanical properties of a sound cast 
steel compare favourably with those of a forged 
steel. If steel castings are to be placed on the 
same plane as forged steel, then the first con- 
dition to be considered is their soundness. From 
the point of view of service stresses the fatigue 
limit is often a deciding factor. According to 
Moore’ the ratio of the endurance limit to the 
tensile strength of cast steels varies from 0.4 
to 0.5, which corresponds pretty well with the 
same ratio for forged or rolled steel, equal on 
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Fig. 1.—VariaTION oF MECHANICAL PRo- 
PERTIES OF STEEL CASTINGS FROM 
SURFACE TO CENTRE OF SECTION. 


an average to 0.47. From the designer’s point 
of view, a cast steel is an inferior material as 
compared to a forged steel, first because of the 
lower specified values, and secondly because of a 
possible occurrence of unobserved flaws and un- 
soundness. 

In Fig. 1 are given the mechanical properties 
of two steel castings across their section. The 
influence of microscopic unsoundness, caused no 
doubt by freezing conditions, is manifested in the 
fluctuation of the elongation and reduction of 
area values. The highest values are always 
obtained in the outer layer. In the process of 
solidification it is the feeding that is chiefly 
responsible for the soundness of a cast metal. On 
the other hand, feeding conditions depend also 
on the character of the crystal growth. Other 
factors beside the character of crystallisation 
also influence the feeding process. Capillarity, 
fluidity of liquid metal, gas evolution, pressure 
conditions, ete., all play some part in the process 
of feeding and the resulting soundness. 


Variables Influencing Crystallisation 

No quantitative laws have so far been defined 
to cover the phenomena of primary crystallisation 
of metals. The size, form and number of crystals 
are governed not only by the rate of cooling but 
also by the temperature gradient, by preferential 
crystallisation along crystallographic axes, by 
chemical composition, by purity of metal and 
even by gravity. As an illustration, a sulphur 
print of a horizontally-cast cylinder 400 mm. 
(16 in.) in diameter is reproduced in Fig. 2. 
The top portion exhibits pronounced columnar 


* Paper presented to the International Foundry Congress, held 
in London and organised by the Institute of British Foundrymen. 


+ Research Institute, Skoda Works, Pilsen, Czecho-Slovakia. 





dendritic structure whereas the lower part, which 
solidified under the same temperature conditions, 
exhibits a fine-grained primary structure. Two 
long crystals are seen in the upper half with 
distinctly curved main axes. These two crystals 
were bent obviously due to the gravity effect of 
specifically heavier solid crystals in the liquid 
medium. The gravity effect manifests itself on 
the same sulphur print in a fine-grained primary 
structure of the lower portion. Evidently small 
undeveloped dendrites fell down from the upper 
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study on the rate of skin formation the first 
quantitive research on the mechanism of soli- 
dification in sand castings. Their investigation 
discloses very valuable quantitive information 
and registers a distinct advance in the know- 
ledge of the freezing process. 

The present author must point out, however, 
that some statements, and the method of deter- 
mination of the rate of skin formation itself, 
can be criticised. In his opinion, the rate of skin 
formation as observed with bleeding castings is 
greater than the amount of metal actually soli- 
dified, z.e., molten metal is retained by capil- 
larity and surface tension between the network 
of dendrites up to as much as 20 to 30 per cent. 
of the supposedly solid skin. This can be proved 
quite definitely, both mathematically and from 
results of experiments carried out by the author 
as well as from the results of Briggs and Geze- 
lius themselves. The author hopes to supple- 
ment and correct the results of these workers in 
a later publication. 




















Fic. 2.—Suirpuvur Print or Horizontatty-Cast Cyiinper, 400 mM. (16 IN.) DIA. 


portion, leaving there only well-rooted crystals 
which gave a dendritic structure of long hanging 
crystals. 


Progressive Solidification 


From a practical point of view, the compli- 
cated relationships of different crystallisation 
phenomena are of minor importance when a 
casting first solidifies fully in the portion re- 
motest from the feeding head and the solidifi- 
cation progresses towards the head. The concep- 
tion of progressive solidification was defined by 
Batty’ and Briggs* as directional solidification. 
Though solidification is the main physical process 
of casting, it did not receive until recently the 
full attention of research it deserves. In 1936, 
however, Briggs and Gezelius* presented in their 





How Castings Solidify 

For the sake of illustrating the actual condi- 
tions of solidification of castings, some experi- 
mental results are given in Fig. 3. In the lower 
diagram the temperatures of a sand-cast plate 
during solidification are given for different time 
intervals after casting and for various distances 
starting from the surface. Special arrangement 
of the thermocouples was necessary to obtain a 
true temperature, since the currently-used type 
of thermocouple with parallel wires and a joint 
at the end cannot give correct temperature un- 
less a certain length of the tube is heated to the 
same temperature, With the arrangement used 
the error was probably less than + 5 deg. C. 

It will be seen from Fig. 3 that the surface 
temperature remains approximately constant 
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during the whole period of solidification. The 


= at the mould-metal 
interface for any time during the solidification 
period gives the rate of heat loss, which is in 
perfect accord with the parabolic law of heat 
diffusion. The deviation of temperature- 
gradient curves from the theoretical shape is in 
accord with the actual solidification range of a 
steel with 0.24 per cent. of carbon which was 
used in this experiment. The distribution of 
solidified metal in the cross-section is given in 
the upper part of Fig. 3 for corresponding 
time intervals. The ratio of solid and liquid 
phases is calculated from the _ iron-carbon 
equilibrium diagram. 

A number of observations of the temperature 
at the mould-metal interface, carried out by 
means of thinly-isolated thermocouples arranged 
to give true temperature, has shown that 


temperature gradient 
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FIED METAL IN Cross-SECTION OF 
Sanp-Cast PLATE RELATED TO TIME 
INTERVALS AFTER CastTinG. Borrom: 
TEMPERATURES DURING SOLIDIFICA- 
TION aT Various Time INTERVALS 
AFTER CASTING AND AT VARYING 
DISTANCES FROM SURFACE. 


the average surface temperature of steel cast- 
ings irrespective of their size varies within the 
range 1,470 to 1,420 deg. C. and remains 
fairly constant during the whole period of 
solidification. Only at the very beginning— 
depending on the casting temperature and the 
amount of metal flow during casting—it may be 
higher. The average temperature at the surface 
of castings, as has been theoretically calculated 
by the author for the average solidification tem- 
perature of 1,486 deg. C., must be 1,457 deg. 
C. The actually observed average temperature 
of 1,450 to 1,460 deg. C. is in perfect accord 
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with theory and can be considered as definitely 
correct. 

The problem of cooling with a simultaneous 
evolution of the heat of fusion had been in- 
vestigated by mathematicians’ and applied dur- 
ing recent years to the problem of solidification 
of steel ingots by S. Saito, A. Feilds‘®, N. 
Lightfoot’ and C. Schwarz. These investiga- 
tions have shown that the freezing of metal 
in ingot moulds can be treated mathematically 
under certain simplifying assumptions. An 
accurate mathematical solution of simple form 
was found only for a semi-infinite mass of metal 
or for a plate of finite thickness if the casting 
temperature is equal to the temperature of 
solidification. A general solution of this prob- 
lem in simple form for ingots of finite dimen- 
sions has not been found. C. Schwarz treated 
separate cases of round ingots using a mathe- 
matical method of  heat-source functions. 
Numerical solution requires, according to him, 
an immense amount of calculation. 


Mathematical Relationship with Ingots 


The problem of the solidification of sand cast- 
ings is mathematically the same as the problem 
referred to in the case of ingots. In practice, 
however, because of a _ small temperature 
differential and the absence of surface gap, it 
is really quite different. The mathematical 
solution of the progress of solidification of a 
semi-infinite mass of metal is given by the 
formula 


z=Mvt ck oe 1 
where gz represents the thickness of solidified 
metal 

t the time after casting, 


and M is the solidification constant that must 
be found from an equation of solidification. 

For plates of finite thickness the given 
solution cannot be applied unless the casting 
temperature equals that of solidification, which 
is practically impossible. Yet if M be con- 
sidered as a function of other variables, then 
for certain cases M can be used as a constant. 
The author has found that for xz = 7 
for the end of solidification, the same relation- 
ship exists for plates of various thicknesses for 
any superheat of metal. This relationship for 
a certain metal of definite casting temperature 
is expressed by the formula :— 


; ts 


_ 
ig} : 
t= yr: as o | oe 
where ¢ is the solidification period, i.e., the 
period from filling the mould to the end of 
solidification of the last portions of metal, 
s is the thickness of plate 

and M is the solidification constant which is 
obtained by a modified solution of the equation 
of solidification, e.g., its value differs from the 
normally calculated M. The value of M repre- 
sents in formula (ii) half the thickness of such 
a plate, which takes 1 hr. to solidify. 

The value 4 of an infinitely large plate ex- 
presses simultaneously the ratio of volume to 
surface area. 


If in the formula (ii) = is substi- 


tuted for the ratio of volume to surface area of 
castings of finite dimensions, the relationship 


remains practically true. A more general 
formula can be therefore written : 
R? = 
t= — ~ ne o« (it) 
M? 


where R is the given ratio of volume to sur- 
face area. (The mathematical solution of the 
constant M is here omitted.) 


Establishing a Constant 
For steels of the usual chemical compositions 
(plain carbon and alloy steels) and average pour- 
ing temperature cast in dried moulds at room 
temperature, the value of the constant M was 
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calculated by the author to be equal to 0.053 m., 
if R is expressed in metres, or M = 2.09 in. if 
R is expressed in inches. 

The value of M calculated from the heat 
balance between metal and mould, both theoreti- 
cally and as determined by actual measurements 
of mould temperatures during solidification, is 
exactly the same as that recorded by the solu- 
tion of the equation of solidification. The theory 
of heat diffusion is likewise fully corroborated by 
exact measurements of mould temperatures 
during the solidification period. 

In Fig. 4 the line representing the above 
relationship (iii) is drawn in logarithmic scale. 
The values of freezing periods actually found 
for different steel castings, mostly of simple geo- 
metrical form, are plotted in the same diagram 
as points and correlate with the theoretical 
values. The practically ascertained values of the 
solidification period embrace the whole range of 
castings as regards both shape and size, from a 
10 mm. thick plate up to a massive casting 
weighing 65 tons. (Two points from the investi- 
gation of Briggs and Gezelius are also included.) 
The range of the solidification periods observed 
extends thus from less than 1 min. up to 27 hrs. 


Application to Intricate Castings 
For complicated castings with sections of 
changing thickness, the mutual influence of 
differently proportioned sections has to be con- 
sidered since such castings are of normal occur- 
rence. In such cases, the following relationship 


10° 





10° 


Solidification Period in minutes 


40° 10" 10 2 10 3 
Volume 
Surface Area" ” ™m 


Fie. 4.—SoLipIFICATION PERIOD RELATED 
To Ratio oF VOLUME TO SURFACE 
AREA. 


was found: (a) the solidification period of the 
thinnest section of a casting is practically inde- 
pendent of the size of other sections; (b) a section 
adjoining a thinner one is affected by the latter. 
To account for this influence the following cor- 
rection of the size ratio R is necessary: corrected 


ratio 
R=R(1 = —} .. (iv) 


where R is the size ratio ef volume to surface 
area or of cross-sectional area to enveloping cir- 
cumference of the section to be corrected. ; 
R, is the size ratio of the thinner adjoining 
section. 
L is the distance between the central points 
of the two sections under consideration. 


For 
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sections with continuously changing thickness, L 
js the distance between the thinnest section and 
the cross-section in question. 

The solidification period of any portion of a 
casting is found from formula (iii) by substitut- 
ing for actual R the corrected value according 
to formula (iv). The formula affords a means 
for correcting the solidification periods in dif- 
ferent portions of one casting that influence 
each other and allows therefore the previously 
deduced relationship for castings of simple 
geometrical forms to be applied for irregularly 
shaped castings of various sizes. Direct measure- 
ments have confirmed the practical validity of 
formula (iv). The mutual influence of differ- 
ently proportioned sections of a casting is not so 
pronounced and can be often neglected. 

At the places of abrupt changes of thickness 
or shape, eé.g., at junctions, angles are formed. 
Such angles are very insufficiently cooled, and 
therefore the full cooling capacity of the mould 
in such locations cannot be included in the cal- 
culation. For such a junction an imaginary one 
must be taken for which the ratio of volume to 
surface holds true. Such a junction is one with 
a fillet of a radius equal to the thickness of the 
thinner section. By means of such assumptions 
the formule detailed above can be successfully 
applied to any castings. 


Application to Cores 














So far as the incidence of cores is concerned, 
the problem has not been tackled. Two extremes 
can be provisionally set as guiding principles. 
Cores of a thickness over four times the thick- 
ness of the cast sections which surround them 
may be considered in the sanfé manner as 
moulds, their cooling capacity being fully ade- 
quate so far as solidification is concerned. Cores 
of a thickness under the size of the surrounding 
sections must be considered as exerting a 
diminished cooling capacity. With such cores 
the surface layer of metal may not solidify fully 
until the end of the solidification period, so that 
some defects may possibly arise. 


Extended Applications of Mathematical 
Treatment 

The numerical evaluation of the solidification 
constant from the equation of solidification in- 
volves considerable labour, and is not sufficiently 
practical if M (the solidification constant) is to 
be calculated for different metals and for dif- 
ferent thermal characteristics of moulds. An 
approximate solution can be found from the 
following formula :— 

an no Lb - : 
M = oe ~ i“ (v) 

where M is the solidification constant to be 
found; T is (for first approximation) solidifica- 
tion temperature of metal; b is the heat diffu- 
sivity coefficient of the mould equal to ,/K .c.s 
(where K is the heat conductivity, c the specific 
heat and s the volume weight of mould); Q is 
the heat content of the metal evolved on solidi- 
fication (for the first approximation the sum of 
the heat of fusion and the heat content above 
melting point); s is the specific gravity of the 
metal at the temperature just after solidifica- 
tion, and the numerical value 1.158 represents 
the evaluation of the function 


=“ 
o =| , ~a(=2)\-a 
) | 2 

where G is the error of the function integral. 

If an accurate value of M be desired, it can 
be caleulated from formula (v), provided that, 
for the first approximate value of M, the tem- 
perature gradient is found and the values of T 
and Q are corrected for it. For mould materials 
With the values of b greater than 35, this is 
necessary, as the error rapidly increases for 
greater values of b. For high values of b two 
or more corrections may be necessary if an 
accurate value of M be required. 

Formula (v), besides being very simple, dis- 
closes the meaning of the heat-diffusivity coeffi- 








* Dimensional units: metres, calories, kilograms and hours. 
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cient b. It shows that the solidification con- 
stant, i.e., the amount of metal solidified after 
a certain time, varies directly with the heat- 
diffusivity coefficient of a mould, and thus a 
quantitive relationship is found between the 
rate of solidification and the thermal properties 
of the mould material. 

It has been shown by different metallurgists 
that a sound casting is produced when the con- 
dition of what is termed by Batty and Briggs 
as directional solidification is attained. Batty 
attains this by bottom-pouring a casting with 
heavier section at the bottom and reversing it 
after casting. It is known a plate of an equal 
thickness cannot be cast fully sound if bottom- 
poured, microscopical cavities resulting in the 
inner portion. If, however, the cooling capa- 


TaBLe I.—Thermal Properties of Chamotte and Magnesite Brick. 
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The thermal properties of refractory materials 
alter with temperature. In Table I data on 
thermal properties of chamotte and magnesite 
bricks are given to illustrate this influence. 
Average data from literature are compiled; it 
should be noted, however, that data on the heat 
conductivity of magnesite brick differ widely. 


Heat-Diffusivity Constants 

It will be seen from Table I that the heat- 
diffusivity coefficient varies considerably with 
temperature. The effective value that interests 
us can be ascertained only by experiment. Such 
an effective value is really a composite one, but 
roughly it may correspond to some value from 
about 700 to 1,200 deg. C. 

The thermal properties of some refractory 





Volume 

















| Coeff. of 

Temp. conductivity. Specific weight. ‘ca 

Deg. C | Cal. heat. _Kg. liffusivi 
: | a diffusivity. 
| m./deg. C. | cub. m. ° 
—| 

Chamotte .. ea 20 0.7 0.20 15.9 
200 0.78 0.21 17.2 

400 0.87 0.24 | 19.4 
600 0.96 0.28 1,800 22.0 
| 800 1.06 0.30 23-9 
| 1,000 1.15 0.36 | 27.3 

1,200 1.25 —_ _ 
Magnesite brick ..| 20 4.0 | 0.20 45.7 
| 200 4.0 0.24 50.0 
| 400 3.8 | 0.26 50.7 
600 3.6 0.27 2,600 50.3 
800 3.2 0.25 45.6 
1,000 2.9 | 0.25 | 43.3 
| 1,200 2.6 | 0.25 41.2 


| 


city of the mould is progressively increased to- 
wards the bottom, the condition of directional 
solidification is attained and a sound plate 
results. 

Controlled directional solidification can obvi- 
ously be attained if the thermal properties of a 
mould are suitably changed. For a given cast- 
ing the required thermal properties can be cal- 
culated from formule (iii), (iv) and (v). 


Application to Practice 
The possibility of controlled directional soli- 
dification depends naturally on the available 
practical means, i.e., on the possibility of vary- 
ing the cooling capacity of a mould in its dif- 
ferent portions. 


TaBLe II.—Roughly-estimated Effective Thermal Properties of Materials if Used as Moulds. 





materials and steel are given in Table II for 
comparison with the effective values of an aver- 
age chamotte moulding sand. 


Direct Chilling Means 


From Table II it will be seen that both mag- 
nesite brick and silicon-carbide have great cooling 
capacity compared with normal moulding sand. 
Steel (or iron) used as a chill has of course the 
greatest cooling effect. Iron or metal chills for 
the cooling of such portions as otherwise take 
a longer time to solidify and produce internal 
unsoundness or show inclination to tear are 
currently used. The use of chills to attain 
directional solidification has been recommended. 


The first problem is therefore The use of chills in a steel foundry is generally 





Volume 











Heat | | ‘Temp. Heat 
conductivity. | Specific weight or diffusivity diffusivity 
Cal. | heat. specific coeff. coeff. 
m./deg. C. | gravity. —_ K b= VK.c.s. 
K | c 8 c.8 
Steel aa 25.0 0.15 7,700 0.022 | 170.0 
Moulding sand for | 
steel » 0.65 | 0.26 1,730 0.00145 17.1 
Chamotte brick . .| 1.10 | 0.26 1,800 0.00235 | 22.7 
Magnesite brick... 3.0 0.25 2,700 0.00445 @8 
Silicon-carbide— 
Solid... ar 12.0 | 0.26 2,200 0.021 82.8 
Bonded with clay | 3.0 0.26 2,000 0.0058 39.0 





to seek materials with higher cooling capacity, 
i.e., with higher coefficient of heat diffusion, 
that may be used in moulding. Such materials 
must fulfil the following requirements :— 

(a) Must be adequately refractory for con- 
ditions prevailing during the casting and 
solidification of a casting. 

(b) Should not produce casting difficulties, 
e.g., should not chill too vigorously during the 
pouring and should not spall when suddenly 
heated by contact with molten metal. 

(c) Should be easily produced as parts of a 
mould, preferably by moulding methods. 

(d) Should not present difficulties for clean- 
ing the castings and should not contaminate 
the sand to any perceptible degree, if full 
separation were not practicable. 


more limited than in non-ferrous and grey-iron 
foundries for the obvious reason that iron chills 
unless massive cannot be often used because of 
the high temperature of steel. Massive chills 
produce rather too vigorous an effect and may 
give rise to surface defects. On the other hand, 
small chills are easily heated throughout during 
the pouring and lose a greater part of their cool- 
ing capacity. Likewise they are prone to give 
trouble by becoming welded to the casting. 
The use of iron or steel chills on a quantitative 
basis requires a study of heat balance, both the 
thickness ratio and the filling time being con- 
sidered. The foregoing disadvantages of metal 
chills lead to a search for other materials and 
methods to supplement or replace them. 
From Table II it appears that magnesite brick 
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presents a very attractive characteristic, on ac- 
count of its cooling capacity being 2 to 2.5 times 
greater than that of an average moulding sand. 
Compared with steel or iron, magnesite has 
not such an initial chilling effect and can con- 
sequently be used for chilling much larger 
areas than is practicable with iron chills with- 
out the danger of surface casting defects. 
Magnesite used at re-entrant angles exactly 
fulfils the cooling conditions required to attain 
the same solidification period in junctions as in 
the adjoining sections. The possibility of using 
magnesite bricks has been confirmed with dis- 
tinct success. The cooling ratio found experi- 
mentally with the grade of magnesite used was 
equal to about 2, i.e., a double cooling capacity 
as compared with a moulding sand. 

The behaviour of magnesite bricks was found 
to be excellent. Castings of over 20 tons weight 
were cast with large areas built in magnesite 
bricks without the least deleterious results, the 
desired effect on _ solidification being fully 
attained. As an alternative to burnt magnesite 
bricks, crushed magnesite may be used with a 
suitable bonding material. ‘This gives a cheaper 
means of controlled solidification when the im- 
portance of the castings warrants it. Another 


material that would probably lend itself to the 
silicon-carbide. 
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silicon-carbide plastic materials used for lining 
and patching crucible furnaces in non-ferrous 
foundries. Similar materials could be worked 
out for use as chilling media of definite thermal 
properties. 
Semi-Metallic Chills 
A further possibility is the use of a mixture 
of steel turnings (known to be used) or granu- 
lated steel with suitable bonding material. 
Mixtures of over 50 per cent. of steel must be 
considered, since a mixture of equal parts of 
steel and sand can be roughly estimated to give 
the coefficient of heat diffusivity of only 
about 22. : 
Indirect Chills 
Cooling materials that can be moulded may 
be considered as a “ facing.” The thickness 
of such a facing need not exceed the thickness 
of the cast section, but should not be less than 
half its thickness if a full cooling capacity is 
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to be realised. In large and heavy castings 
cooling materials may be supplemented by the 
use of indirect chills, by which is meant iron 
chills that are not exposed directly to con- 
tact with cast metal, but which are protected 
by a layer of normal moulding sand or a cool- 
ing moulding material. The effect of an in- 
direct chill is therefore retarded and diminished 
according to the thickness of the protective 
layer and its heat conductivity. 

The effect of such an indirect chill plate is 
illustrated graphically in Fig. 5. The curve 
1 in Fig. 5a (upper part) gives the cooling rate 
of a steel plate cast in sand expressed in calories 
per square metre per hour. In Fig. 5B the 
corresponding curve for the total amount of 
heat lost by casting per square metre is given. 
The rate of solidification and the solidified 
amount of metal are roughly proportional to 
the loss of heat. The curves 2 represent the 
corresponding rate and the total amount of the 
heat loss for an infinitely thick chill plate with 
a 2-cm. moulding-sand layer between it and the 
cast plate. Curves 3 and 4 give the cooling 
conditions fur chill plates of finite thickness, 5 
and 10 cm. respectively. 

A quantitive decrease of solidification period 
can be easily determined for any thickness of 
casting. A greater cooling effect can be 
attained if a facing material of a greater heat 
conductivity be used instead of an ordinary 
moulding sand. If the thickness of the facing 
layer is changed, the cooling effect also changes. 
For the sake of simplicity let us consider a 
cast plate and another plate as an indirect 
chill. The thickness of the intermediate layer 
can be continuously changed by inclining the 
chill-plate in relation to the surface of the cast 
plate. Thus a continuously changing cooling 
effect is attained and progressive or controlled 
directional solidification can be effected. Such 
a plate would solidify, not as a plate of equal 
thickness, but as a wedge, thus assuring the 
internal soundness of the Casting. 
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The Compounding of Alloys 


(Concluded from page 94.) 


The effects of superheating acting on the re- 
finement of the structure have been investigated 
by the various authors cited by Shepherd. This 
superheating, however, is carried out beneath a 
slag in rotary and electric furnaces which, as 
stated by this author, afford protection from 
oxidation much more easily than does the cupola. 
The foregoing emphasises sufficiently the fact 
that the foundryman should have a clear opinion 
of the melting temperature, which he must not 
confuse with the pouring temperature, since 
there may be a certain difference between the 
two. 


Pouring Temperatures 


This is the opinion recapitulated by Lee in 
‘The Foundry ’’ for December, 1938. ‘‘ Pour- 
ing temperatures are being studied and some 
shops have arrived at what they consider the 
proper temperature for special jobs. There 
should be every reason to consider this factor, 
as it is quite important in other fields, such as 
casting and rolling of steel, brass and other non- 
ferrous alloys.”’ 

The problem may become complicated on 
account of the fortunate influence of a high 
temperature in giving rise to occurrences of a 
different nature from that referred to in the 
foregoing. There is no need to point out to 
grey-iron founders the influence of superheating 
in refining the graphite. Among others, British 
metallurgists have contributed largely and very 
effectively to the study of this question, which 
cannot be developed in the scope of this rapid 
summary. It would be impossible to give any- 
thing like a concise idea in a few lines. 


Finishing Additions 

Reference has been made to the more or less 
considerable degree of purity of the materials 
employed and also the different causes of con- 
tamination and transformation, which are rarely 
favourable and are unfavourable in most cases, 
during melting. At the end of the operation, 
the foundryman is still able to effect the protec- 
tion and cleaning of the molten bath. He can 
consider the final purifying additions usually 
made in the case of steel and non-ferrous metals. 
He can make use of the influence of appropriate 
slags, which have long been employed in the 
case of steel, which are in the course of develop- 
ment in the case of cast iron and are employed 
in the form of flux in the case of non-ferrous 
metals. Here, again, the authors can only touch 
lightly upon and emphasise the essentially scien- 
tific character of this last aspect of the problem 
confronting the foundryman. 

This modest contribution to the correlation of 
the ideas of the foundryman can best be con- 
cluded by the wish that efforts will be continued 
on the lines indicated at Warsaw, and that the 
science of the foundryman in general will he 
established on a common basis, regardless of the 
metal or alloy under consideration. The authors 
believe that the principles are the same and that 
it is to the great advantage of everyone, in his 
own particular case, making mistakes through 
ignorance and only applying a part of such prin- 
ciples, to become acquainted with the results 
attained and the efforts made in branches of 
metallurgy other than his own. 








Permanent-Magnet Steels 





Alloys for permanent magnets susceptible to — 
cipitation hardening have been patented by the 
A.E.G. (D.R.P. 673,877). These alloys contain 
40 to 60 per cent. of Fe, preferably 47 per cent., 
30 per cent. tungsten and/or molybdenum, and 23 
per cent. cobalt. They are made by sintering ‘or 
1 to 2 hrs. a compressed mixture of suitable com- 
position in a reducing atmosphere at a temperature 
of 1,400 to 1,500 deg., quenched and finally re 
heated to 600 or 700 deg. for at least 1 hr. 
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Process of Crystallisation in 
Commercial Alloys* 
By Dipl.-Ing. W. PATTERSON 


[Presented on behalf of the Technischer Haupiausschuss fiir Giessereiwesen] 


For examining the processes accompanying the 
solidification of molten metals there exist a num- 
ber of methods of investigation which, by ascer- 
taining the changes in properties during 
crystallisation, make it possible to describe this 
technically so important process. Reference 
may be made to the methods for determining 
mould filling power, shrinkage, cavity formation, 
liberation of gas, electrical conductivity, specific 
heat, etc., as well as to the metallographical 
etching methods. The scope of the present 
Paper is intended to examine whether direct 
thermal analysis is suitable for studying solidifi- 
cation at the rates of cooling obtaining 
during the casting of alloys and what informa- 
tion can be obtained from the resulting curves. 
The ideas developed will then be exemplified by 
the results of some experiments made in this 
direction. 

Theoretical Part 

First of all, the deductions which can be made 
theoretically from the shape of the cooling curve 
of a commercial alloy will be examined. In this 
connection, it is possible to consider three prin- 
cipal lines of thought. 
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Fie. 1.—Form oF CooLinac CURVE IN THE 

Homocengous REGION (a) AND THE CASE 
OF CRYSTALLISATION PROCESSES (b). 


— hme 


(I) In the investigation of constitutional dia- 
grams, thermal analysis serves exclusively to 
establish the range of existence of the phases 
which occur. For this purpose, the melt under 
investigation is heated or cooled very slowly with 
temperature variations of 1 to 5 deg. C. per 
min. In the temperature ranges where there is 
no transformation, the time-temperature curve 
has the well-known Newton form (Fig. 1). If, 
however, crystals separate out, the heat of 
crystallisation liberated at the same time alters 
the direction of the curve, or the curve bends 
and assumes a horizontal direction if the separa- 
tion of crystals proceeds at constant tempera- 
ture. By plotting the breaks and critical points 
thus obtained in the concentration-temperature 
diagram and joining the points together, a 
large number of the lines in the constitutional 
diagram are obtained in the well-known manner. 

The determination of the thermal data of 
alloys is, however, also of considerable import- 
ance in the investigation of commercial melts. 
It is well known that commercial alloys, in addi- 
tion to the elements added intentionally, also 
contain other elements as impurities. These 
unwanted components may be determined by a 
complete chemical analysis, but they are mani- 
fest in the variation of the character of the cool- 
ing curve, either by the fact that a temperature 
interval is observed instead of the critical point 
or new thermal effects are produced by new 








* Communication from the Foundry Institute of the Technical 
High School, Aachen (the Director of which is Prof. Dr.-Ing. 
habil. E. Piwowarsky), to the International Foundry Congress 
held in London and organised by the Institute of British 
Foundrymen. 





types of structure or transformations. There- 
fore, if only a partial chemical analysis is avail- 
able, it is possible from the interpretation of the 
cooling curve to decide whether a fuller analysis 
is necessary. By recording the cooling curves, 
therefore, chemical analysis can be supplemented 
or checked to a certain extent. 

(II) The result of the thermal analysis of cast 
specimens can also be interpreted in a second 
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Fig. 2.—Errect or UNDERCOOLING OF THE 
EvutTectic CRYSTALLISATION ON THE Dis- 
PLACEMENT OF THE QUANTITATIVE PRro- 
PORTIONS. 





direction. It is a well-known fact that with in- 
creasing rate of cooling, the commencement of 
the changes of phase or of transformations is 
retarded. Before the commencement of the for- 
mation of a new phase, under-cooling sets in. 
For organic substances, the influence of under- 
cooling on the size of grain of the crystallised 
state has been defined by Tammann and his colla- 
borators to the effect that, with increasing 
under-cooling, the number of the nuclei and the 
measurable rate of crystallisation increase at 
first and then fall again after passing through a 
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Fie. 3.—OcourrENoE oF A New PHASE (n) 
IN CONSEQUENCE OF PRONOUNCED CRYSTAL 
SEGREGATION IN A Mg.Lt OF CONOENTRA- 
TION C. 


maximum. The size of grain of each crystalline 
group is obtained from the position of these two 
curves relatively to one another. 

The applicability of Tammann’s crystallisation 
laws to the process of solidification of metallic 
melts has been repeatedly contested on various 
grounds or its effect has been considered to be 
of secondary importance. In recent years, how- 
ever, the increase in the measurable rate of 
crystalline growth and the number of nuclei 
with the degree of under-cooling has inter alia 
been satisfactorily established in the case of 
metals of low melting point by Tammann and his 
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collaborators, and also by Czochralski, as well as 
by E. Jenckel and collaborators. 

In the criticism of Tammann’s laws, the mis- 
take frequently made is that of regarding the 
crystallised state as being determined exclu- 
sively by the degree of under-cooling. Tammann 
himself, as long ago as 1903, expressed the pos- 
sibility of inoculation or initiation by other 
types of crystal and the resulting increased 
nucleus formation in the following words: 


** At the boundary face between an under- 
cooled melt and a crystal which is growing in 
the melt, there frequently occurs the forma- 
tion of a new type of crystal which covers the 
first crystal uniformly, as if every point on 
the boundary face were the place of the first 
new formation. The number of crystallisation 
centres on such a boundary face is therefore 
very considerable and very much greater than 
in the melt itself.’’ 


The frequently observed effect of very small 
additions on the structure of cast ingots does 
not therefore contradict the validity of these 
laws. 

Furthermore, the under-cooling of metallic 
melts, as measured until recently, was of such a 
low value that there was great reluctancy to 
ascribe to such slight temperature differences 
the far-reaching differences which the structure 
of a casting may exhibit. Further remarks on 
the degree of under-cooling will be made in the 
experimental part of this Paper. 


Crystallisation of Organic Salts 
There are various reasons why the laws govern- 
ing crystallisation were discovered through in- 
vestigations carried out on organic salts. 





ke tun ->| 
Fic. 4.—Cooting Curve or Pure CoppEer 
IN THE FREEZING INTERVAL. Rate oF 


CooLinG 30 DEG. PER MIN, 


(1) Most of the substances investigated were 
transparent when liquid. 

(2) The freezing point lay in the vicinity of 
the room temperature, so that the investiga- 
tions were very considerably simplified. 

(3) At such temperatures, the atomic mobility 
is relatively low. The course of the reactions 
can therefore be determined without complicated 
means. The capacity for under-cooling often 
amounts to many degrees, and the time elapsing 
before spontaneous nucleus formation sets in 
can be measured in minutes. The rate of growth 
can be measured in millimetres per minute by 
means of a stop-watch. 

(4) A high degree of purity can be attained 
much more easily in the case of organic sub- 
stances than in the case of metals. 

With metals, conditions are much more un- 
favourable. Opacity makes the interpretation 
of the results difficult. It is only quite recently 
that it has been possible to produce very pure 
metals. The high temperatures involved mean 
high reaction velocities. In the case of subjec- 
tive measurement, the period elapsing before 
spontaneous nucleus formation sets in very soon 
becomes immeasurably short. Jenckel, for in- 
stance, has measured rates of crystalline growth 
of up to 850 mm. per min. at 4 deg. C. under- 
cooling in the case of lead. Here, the duration 
of the experiments was only 5 secs. and was 
approaching the limit of the skill of the investi- 
gator. In such cases, thermal analysis employ- 
ing measuring apparatus of the maximum pos- 
sible sensitivity could be applied and simultane- 
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ous measurement at different points in the melt 
would enable the connections between under- 
cooling, grain size and structure to be estab- 
lished. 

Effects of Undercooling 

Besides acting on the grain size, under-cooling 
also acts in a second way. 

(1) If, for example, a primary solid solution 
undercools, the particles which crystallise first 
have a different composition from those which 
would separate out on slow cooling. Under- 
cooling, therefore, also influences the degree of 
crystalline segregation, and by measuring the 
under-cooling, it is possible to make deductions 
regarding segregation. 

(2) After previous primary crystallisation, 
eutectic solidification may also set in after an 
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B-rich solid solutions is in equilibrium with the 
melt. 

To summarise the foregoing, it may be said 
that thermal analysis could be of value in the 
following cases : — 

(1) As an indicator of the chemical composi- 
tion by showing the presence of additional 
elements which have escaped an incomplete 
analysis. Thermal analysis, to a certain extent, 
thus checks chemical analysis. 

(2) For ascertaining under-cooling phenomena 
which may be expected to affect both the grain 
size and the structure of the casting, and also 
the displacement of the quantitative proportions 
of the constituents in the structure. 
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maximum deflection of the galvanometer is regu- 
lated by means of a variable resistance. 

Any desired temperature range can ly 
adjusted by turning the suspension knob on tly 
galvanometer, thus obviating the necessity fo 
compensation currents and the possible disturb- 
ances which they may introduce. The width o! 
the drum is 180 millimetres. Thus, by adjusting 
a range of 90 deg. C. it is possible to measur 
very accurately amounts of 0.1 deg. C. = 0.2 
millimetre. The Le Chatelier thermocouple was 
used, and in order to be able to measure rapidly- 
occurring processes, the junction should be as 
small as possible. For measuring the tempera- 
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Fig. 5.—Cootine Curve or HiGuH-Puriry 
ALUMINIUM (99.99 PER OENT.). RaTE OF 
Cootina 130 pec. C. PER MIN. 


under-cooling stage. It must be concluded from 
this that an excessively large number of primary 
crystals are separated out, because the available 
temperature interval is increased by the under- 
cooling. Consequently, there is a displacement of 
the quantitative proportion of the structural 
constituents. Fig. 2 illustrates this possibility 
in the case of a very slight under-cooling (A) 
and @ more pronounced under-cooling (B). The 
displacement of the quantitative proportions will 
be seen from the lever diagram shown in both 
cases, 


New Crystal Types Disclosed 
(III) A third possibility which would be ob- 








Fic. 6.—CooLine Curve or SILUMIN, WITH 
13 PER CENT. S1, 0.3 PER CENT. MN, AND 
0.3 PER CENT. Fe. Rate or Cooiine, 153 
pEG. C. PER MIN. 


(3) For detecting new types of crystals which 
owe their formation to segregation. In this 
case, therefore, thermal analysis can assist in 
metallographical interpretation. 

In addition, deductions can probably be made 
from the shape of the cooling curve regarding 
the peculiarities in the build-up of various types 
of structure, the causes of which perhaps reside 
in the presence of anisotropic regions in the melt. 


Experimental Work 


Only one method, satisfying the following prin- 
cipal conditions, is suitable for the thermal 





10 % SI 


Fic. 7.—Cootine Curve oF SILUMIN, WITH 
12 PER CENT. Si, 0.25 PER OENT. Fer, 0.4 
PER CENT. Me, anv 0.5 PER CENT. Mn. 
Rate oF Coouine, 150 pec. C. PER MIN, 


ture, it is best to use an unprotected junction, 
which, however, is only possible if neither a reac- 
tion of the melt with the platinum nor penetra- 
tion of the melt into the protective sheath is to 
be feared. 


) In other cases, a thin outer protective tube or 
{a coated junction must be employed. It is, how- 
ever, then no longer possible to record accurately 
processes which take place rapidly. By careful 
manipulation and by employing double bore pro- 
tective tubes only 2 mm. thick, it is possible to 
form the thermocouple junction so that only a 
hemispherical part of the junction projects and 
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Fie. 8.—Cootine Curves oF Quasi-Evrectic 


servable by thermal analysis is the detection of 
new crystal types due to segregation. The 
diagram of Fig. 3 is intended to show how such 
new formation can occur. In the case of the 
composition C selected for consideration, the 
solidified melt should, according to the diagram, 
consist exclusively of solid solutions. Since, 
with the assumed rate of cooling, equalisation of 
concentration within the separated crystals is 
insufficient, the mean, composition of the solid 
solutions is not shown by the solidus curve @ m, 
but by the dotted line a m’. When the eutectic 
temperature is reached, therefore, there is still 
a residual melt which crystallises eutectically 
with separation of the solid solutions m and n. 
It must here be pointed out that @ m’ is not an 
equilibrium curve, but merely indicates the mean 
chemical composition of the crystals separated at 
each temperature. Only the outermost zone of 
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examination of the possibilities indicated in the 
foregoing :— 

(1) The measuring point in the melt should 
possess the least possible mass in order to obviate 
any buffer action on the thermal effects. 


(2) The indicating instrument should indicate 
and record the measured value with the least 
possible retardation. 


The apparatus employed resulted from a modi- 
fication of the measuring arrangement on the 
Kurnakow principle. The method consists in 
allowing a ray of light reflected by the mirror of 
a galvanometer, controlled by the thermocouple 
current, to fall on a revolving drum round which 
is secured silver bromide paper, thus recording 
a time-temperature curve. The mirror galvano- 
meter is of very light coustruction and the 
moving system is comparatively dead beat. The 
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the melt cannot penetrate into the protective 
tube. 

To investigate the proportionality of the de- 
flection of the mirror galvanometer, a second 
mirror galvanometer was connected in parallel, 
by means of which the same curve could be 
recorded, if desired with different temperature 
gradients. By working in this way, it is also 
possible to record a pilot curve by means of the 
first galvanometer, details being recorded by 
means of the second galvanometer. A large 
installation for measurements at 4 to 8 different 
points in the melt or of a casting is being con- 
structed with the assistance of the German 
National Research Association. 


Experimental Results 


The ideas developed in the foregoing will now 
be compared with the results of some experi- 
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ments. Fig. 4 shows the freezing curve of pure 
copper used for calibration purposes. The rate 
of cooling, 30 deg. C. per min. in the molten 
part, is low (cooling in a small furnace). After 
a slight under-cooling, a pronounced arrestment 
is observed, from which the curve bends very 
suddenly after freezing is completed. 

The shape of the cooling curve of aluminium 
of high purity (99.99 per cent.) shown in Fig. 5 
is very similar. The melt weighed about 50 
grams and was cooled in the air in a carbon 
crucible. In the molten region, the rate of cool- 
ing was about 130 deg. C. per min. In this 
case, the curve extends rectilinearly parallel to 
the time axis during crystallisation. A disturb- 
ance-free curve and chemical jpurity are in con- 
formity with one another. 


A correspondingly uniform course of the cool- 
ing curve can be expected in the freezing of a 
purely binary eutectic. Twenty grams of a 
Silumin (Alpax) alloy with 13 per cent. Si,0.3 per 
cent. Fe and 0.3 per cent. Mn were melted at a 
furnace temperature of 750 deg. C., and after 
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Fic. 9.—Exampites oF Distinot In1iTraTION 
OF EvurEotTiIo CRYSTALLISATION OF 
Primary CRYSTALS. 


being maintained at the temperature for 5 mins. 
were allowed to cool in still air. The curve 
(Fig. 6) corresponds to a hyper-eutectic Silumin 
alloy, the eutectic crystallisation being marked 
by a long critical point which, however, pre- 
maturely falls slightly towards the end. This 
drop is to be attributed mainly to the small 
amount of impurities present. The commence- 
ment of the primary separation of silicon is 
marked by a bend. Despite the previous 
crystallisation of silicon, separation of the 
eutectic only commences after under-cooling of 
3.1 deg. C. 

Another Silumin alloy was subjected to thermal 
analysis under the same conditions as the above 
melt. In addition to 12 per cent. Si, the melt 
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Fie. 10.—Primary SEPARATION DOES NOT 
Suppress UnNpeER-Cootinc oF Evreorio 
CRYSTALLISATION. 


contained 0.25 per cent. Fe, 0.4 per cent. Mg, 
and 0.6 per cent. Mn. The curve corresponds 
to a hypo-eutectic melt. After pronounced 
under-cooling of the primary separation of 
aluminium mixed crystals, extending in its lowest 
point to below the eutectic equilibrium tempera- 
ture, crystallisation of the binary eutectic takes 
place without under-cooling in a temperature 
interval, an indication that some of the im- 
urities are dissolved. Furthermore, at this 
te of cooling, which was 150 deg. C. per min. 

the liquid region, two other effects occur 
dicated by arrows). In the microscopic ex- 
amination of these two melts after solidification, 
n the first case, only primary lamellar Si crystals 
nd a uniformly developed eutectic of coarse 
In the case of the alloyed 
umin alloy, on the contrary, besides the binary 


type were observed. 
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eutectic, zones of eutectic development were to 
be seen, these containing Mg,Si crystals and also 
probably a complex containing manganese. The 
presence of slight amounts of foreign elements 
and the occurrence of new crystal types are thus 
evinced in the cooling curves. 

Figs. 6 and 7 showed that under-cooling of 
several degrees can occur both before the com- 
mencement of primary crystallisation and also 
before the separation of the eutectic. Despite 
the presence of primary crystals which, in them- 
selves, ought to have an initiating or inoculating 
action, it is possible for the eutectic residual 
melt to under-cool. In order to check this 
observation, some quasi-eutectic melts of the 
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Fie. 11.—Cootine Curves or Two SiLumin 
Auttoys: (1) 13.11 PER cent. Sr (RATE OF 
COOLING, 110 pec. C. PER MIN.). (2) 11.5 
PER CENT. SI (RATE OF COOLING, 2,400 DEG. 
C. PER MIN.). 


Al-Si system were made and subjected to thermal 
analysis under the same conditions. 

The compositions of the melts are shown in 
Fig. 8. It will be observed that in the hyper- 
eutectic melts, under-cooling of about 2.5 deg. C. 
occurs, whilst in hypo-eutectic melts it is absent 
or only very slight. Furthermore, the familiar 
pronounced under-cooling capacity of the 
primary aluminium solid solution separation is 
clearly shown. 

The different behaviour of primary crystals on 
the initiation of eutectic crystallisation was also 
observed in a similar manner in the case of some 
other binary systems. In Table I, the first 
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column shows the systems investigated, the 
second column the kind of crystal, after the 
primary separation of which the residual melt 
can under-cool, and the last column shows the 
freezing points of the pure components. (Taken 
from M. Hansen, ‘‘ Structure of the Binary 
Alloys’’ (Aufbau der Zweistofflegierungen), 
Berlin, J. Springer, 1936).) 

It will be seen that in binary systems, the 
primary separation of the component having the 
higher melting point has little influence on the 
initiation of eutectic crystallisation. The eutectic 
residual] melt freezes after under-cooling. With 
regard to the component of lower melting point, 
under-cooling of the residual melt is more or 
less absent. It must therefore be assumed that 
the primary crystals exert an inoculating action 
on the eutectic residual melt. 
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Figs. 9 and 10 show some of the cooling curves 
of this experimental] series. In the former, there 
is under-cooling only of the primary crystallisa- 
tion. _ In the case of the separation of Al,Cu, 
this is so pronounced that the lowest point 
reached by the under-cooling is below the eutectic 
temperature. In Fig. 10 on the contrary, under- 
cooling is well-pronounced in the case of both 
crystallisation processes. 

In the experiments so far discussed, the rate 
of cooling was about 100 to 150 deg. C. per min. 
Under-cooling amounted to several degrees 
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Fig. 13.—Simtum Moptrr1oartion. 


measured in the middle of the sample. This 
means, however, that before the commencement 
of freezing, the entire melt must have under- 
cooled, and since during cooling in the liquid 


TaBLE I.—Binary Systems Exhibiting Eutectic 
Under-cooling. 


The eutectic 

















residual melt Freezing point of 
Svst under-cools in the components 
— the case of 
primary 
separation of | A. B. 
Deg. Deg. 
Al-Al,Cu_.. Al 660 590 
Mg-Mg,Al, .. Mg 650 455 
Al-Al,Mg, .-. Al 660 454 
Al-Zn ae Al | 660 419.4 
Sb,Zn,-Zn .. Sb,Zn, 566 419.4 
Si-Al Si | 1,414 


660 


region there is a temperature gradient from the 
middle to the edge of the sample, it is to be 
assumed that the degree of under-cooling is not 
inconsiderably greater in the outer zones. 
When the rate of cooling is further increased, 
for example by casting in a metal mould, under- 
cooling ought to be much greater. An illustra- 
tion will confirm this and also show the efficiency 
of thermal] analysis. Fig. 11 shows portions of 
the cooling curve of two Silumin alloys. The 
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Fic. 14.—HerepitTy PHENOMENA IN 


SILUMIN. 


alloy containing 13.11 per cent. Si, solidifying 
slowly in a crucible in the air (rate of cooling 
about 110 deg. C. per min.) serves as a kind of 
pilot or calibration alloy in the investigation 
of alloys in the region between 500 and 600 deg. 
C. It always gives the same curve provided the 
experimental conditions are kept constant. The 
primary crystallisation of the silicon lies just 
above the eutectic critical point, which was still 
recorded on the second revolution of the drum 
(periphery 500 mm.). The eutectic under-cooling 
is 3 deg. C. The second sample with about 11.5 
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per cent. Si was poured in a thick-walled iron 
mould of 20 mm. internal diameter. The rate 
of cooling is accordingly higher, being about 40 
deg. C. per sec. in the liquid region, this corre- 
sponding to 2,400 deg. C. per min. Despite 
this high rate of cooling, the crystallisation pro- 
cess is still detected by the apparatus. 

For the commencement of the aluminium crys- 
tallisation, maximum under-cooling is 6 deg. C. 
below the eutectic equilibrium temperature of 
the pilot alloy. Eutectic crystallisation com- 
Mences in consequence of inoculation by the 
primary crystals at the point marked by an 
arrow, perhaps even before. The most pro- 
nounced crystallisation, which in consequence of 
the heat of crystallisation liberated almost re- 
sults in maintenance of the temperature of the 
melt, only takes place 23 deg. C. below the 
critical point of the pilot curve. The investiga- 
tion of the effect of such considerable under- 
cooling is one which shows much promise and 
to which thermal analysis can be usefully applied. 
The proposed investigations employing a number 
of thermocouples in different zones of the melt 
should be particularly informative. 


Conclusion 


To conclude, reference will be made to an 
observation showing the further relationships be- 
tween the result of thermal analysis and that of 
microscopic examination. In the ‘ modifica- 
tion ’’ of Silumin with sodium, a very fine eutec- 
tic is formed. The temperature of its formation 
is some degrees Jower than in the unmodified 
materia] with coarser development of the eutec- 
tic. In the case of semi-modified material, the 
structure shows zones of fine and coarse eutectic, 
often clearly separated but in other cases charac- 
terised by a continuous transition of the degree 
of fineness. In the case of partial modification, 
the cooling curve shows a stepped formation dur- 
ing the critical point, as is indicated diagram- 
matically in Fig. 12. The length of the 
two steps appears to be a measure of the quanti- 
tative proportions of coarse and fine eutectic. 
Fig. 13 shows the curves of such an experimen- 
tal series. Diagrams A and D are the cooling 
curves of unmodified and correctly modified 
Silumin without stepped formation. In the case 
of the sample (B) modified with 0.1 per cent. Na 
there are two distinct steps, the lower of which 
is apparently connected with the separation of 
the finer structure. The effect of 2 per cent. of 
modifying salt alone is less (C), this being shown 
by a displacement of the length of the step. 

The same stepped formation was also observed 
in the case of some sorts of remelted Silumin. 
Chill-cast and _ sand-cast bars, 20 mm. in 
diameter, were made simultaneously from melts 
of different origins. Centrally-located pieces 
about 35 mm. long were sawn from these bars 
and remelted under the same conditions in a 
furnace controlled by a regulator, and were 
maintained at temperature for 10 minutes, The 
crucibles were then stood in the air for cooling 
and at the same time the temperature variation 
was measured by means of a thermocouple with 
unprotected junction. Upon examining the 
hardness of these specimens, which had been 
melted under the same conditions and cooled at 
the same rate, it was found that the specimens 
from the chill casting were harder after remelt- 
ing than the sand-cast specimens. Thus, for a 
furnace temperature of 650 deg. C., the hard- 
ness of the sand-cast specimen was found to be 
58.6 and that of the chill-cast specimen 57.2. 
Fig. 14 shows the curves of such a remelted 
Silumin with different lengths of step in the case 
of sand casting and chill casting. Microscopic 
examination showed eutectic areas of different 
degrees of fineness in the case of such stepped 
formation. It must be left to further investiga- 
tion to ascertain whether this not immediately 
explicable formation of an apparently in both 
cases binary eutectic of different degrees of fine- 
ness and at different temperatures in the same 
sample is to be attributed to the presence of 
anisotropic zones in the melt. 
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Technical Training* 


By J. N. SHERAR 

In 1925, the late Mr. E. Ronceray, speaking 
on technical education, recommended that 
‘* groups of boys should be put under the super- 
vision of a capable instructor,’’ and that em- 
ployers should ‘‘ avoid at all costs putting them 
under the journeymen in the foundry, who are 
liable to use them as labourers.’’ The method 
suggested 14 years ago is becoming less practical 
with the increased use of moulding machines and 
mechanised foundry plant. It is important to 
train boys who are ‘‘ brought up”’ in mechanised 
or repetition foundries to take executive posi- 
tions, and except in the case of jobbing foun- 
dries, many boys have no alternative but to be- 
gin foundrywork as machine moulders. 


Preliminary Course Advised 

Few boys who enter the foundry to-day are 
able to work out calculations, apply formule, 
write concise notes or make a simple drawing. 
It is inadvisable for any student to attempt to 
go direct from an elementary school to take a 
technical course; it is wiser that he should study 
elementary mathematics, drawing and English 
for two years. This is disadvantageous as a stu- 
dent would be in the unenviable position of 
doing an uninteresting job and taking a course 
at evening classes for which he would have little 
enthusiasm. 

It is therefore essential to make the first two 
years as interesting as possible. If the course 
were disguised as ‘‘Foundry Science’’ the stu- 
dents could be shown experiments illustrating 
elementary principles of mechanics, physics, etc. ; 
by sketching apparatus, working out results of 
experiments, and writing notes they would learn 
more readily than if the classes were given with 
no such camouflage. A little electricity and 
magnetism, and inorganic chemistry could also 
be introduced in these classes, and would form 
a basis for the later study of metallurgy. 


Nature of Training 

The students who pass successfully through the 
first preliminary course are now ready for a 
three-year course of general foundry technical 
training, including drawing and metallurgy. 
This would require three evening classes per 
week, one of which should be spent in the 
foundry of the college, where the principles of 
foundry practice can be shown in practice. With- 
out a foundry, however small, the rest of the 
course is almost useless to many students. 

There are many boys in repetition foundries 
producing light castings who have never seen a 
feeder head, and who would probably class a 
drawback in the same category as the proverbial 
rubber hammer or left-hand spanner. It is very 
difficult for boys in the patternshop or drawing 
office to visualise the evolution of a casting from 
a pattern. 

A Praiseworthy Scheme 

In 1928 a Paper presented on behalf of the 
Relgian Foundrymen’s Association outlined a 
scheme in which moulders’ and patternmakers’ 
apprentices were taught in pairs by a foundry 
manager. They were shown a casting which 
they had to sketch, and from this a drawing 
was made and subsequently a pattern. Between 
them they discussed the way of making the 
pattern and the method of moulding. When the 
mould and cores, if any, were finished, the job 
was closed and cast by the boys, who dressed the 
casting and prepared a report on it. This is 
an excellent form of training, and facilities 
should be provided in the technical college to 
make its application practicable. Lessons of this 
sort are of much more value than when illus- 
trated only on the blackboard. 

It is important that foundry classes should be 
held to teach and educate the boys in the 
foundry, and not merely to cram the students 

* Awarded First Prize in a Short Paper Competition organised 


by the East Midlands Branch of the Institute of British 
Foundrymen. 
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with sufficient knowledge to enable them to pass 
an examination. In examinations as they are at 
present, the scales are weighed heavily against 
the boy who is actually in the foundry.. Marks 
allocated to drawings and calculations are equal 
to those given to questions on foundry practice. 
A student from the drawing office or pattern- 
shop should be able to answer questions based 
on his everyday work, whereas a boy in a foundry 
is seldom given problems to solve in his work. 
lf he is lucky enough to be able to do any 
moulding, he is generally given a pattern and 
told how to make the mould; it is difficult for 
him to appreciate the reason for the design of 
the pattern or the method of moulding. The 
provision of a foundry in a technical college 
would tend to level out these differences, but 
even then a patternmaker could pass the City 
and Guilds Examination in both foundry 
practice and patternmaking, a boy from a 
laboratory should pass in metallurgy and foundry 
practice, but a boy in a foundry is almost in- 
variably restricted to the one subject. 


An External Degree? 

Having passed the City and Guilds Examina- 
tions the student will have ample opportunity 
to continue his studies as a student member 
of the Institute of British Foundrymen. Un- 
fortunately the only degrees in foundry work 
require full-time courses at Sheffield University. 
There is an urgent need for a similar degree 
which can be taken externally. Hither Sheffield 
University should allow students not attending a 
full-time course there to take this degree, or 
London University (which offers external degrees 
in many subjects) should institute a foundry 
degree. If such a degree were available, the 
student should read for this whilst attending 
lectures given by experts and specialists in par- 
ticular branches of the foundry industry. 

With such facilities and encouragement, 
foundry students would be given opportunities to 
attain knowledge, status and advancement equal 
to that of any other technical or scientific branch 
of industry. 








Publications Received 





Industrial and Residential Handbook of the 
County Borough of Wolverhampton. Pub- 
lished by the Wolverhampton Industrial De- 
velopment Association, Town Hall, Wolver- 
hampton. 

This _ well-presented book is particularly 
interesting for those connected with foundry 
practice, as Wolverhampton ranks high in the 
production of iron castings. This is recognised 
on the frontispiece, where apparently the 
foundry is associated with the church in illus- 
trating the town’s motto ‘“‘ Out of Darkness 
Cometh Light.’’ The book contains every piece 
of essential knowledge demanded by those seek- 
ing to find a suitable location in which to build 
works. Moreover, on account of the low rates 
in force, it makes out an excellent case. 


Aluminium Alloys. Their Characteristics and 
Applications in Wrought Form. Published 
by the Aluminium Union, Limited, The 
Adelphi, Strand, London, W.C.2. 

This is a particularly bright, well-illustrated 
brochure prepared exclusively for overseas dis- 
tribution. The ground indicated by the title 
has been adequately covered. The earlier 
chapters deal with the alloys available and their 
properties, together with the fabrication methods 
for the production of commercially available 
forms. Later there are data for helping light- 
alloy manufacturers with pressing, spinning, 
welding and plating problems. This is followed 
by a chapter on applications to various indus- 
trial fields, whilst finally, in tabular form, a 
mass of information of direct interest to the user 
is given. Our overseas readers will receive a 
copy on application to the issuing house. 


Arcratrrom 19 12020 
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Notes on Dry-Sand Practice for Steel 
Castings’ 
By C. J. DADSWELL}, Ph.D., B.Sc., Ing.E.S.F., and T..R. WALKER, M.A. 


Steel castings are poured into moulds made of 
a variety of materials, such as green sand, skin- 
dried sand, dried sand, dried ‘‘ compo,’’ and 
baked core mixtures. The choice of material is 
governed by such factors as the size and section 
of the castings to be made, the numbers required, 
the design of the castings, the facilities at hand 
in a particular foundry, and the economics of 
available raw materials. 

During recent years, the manufacture of steel 
in green-sand moulds has increased considerably 
in Great Britain. Different types of sand mix- 
tures have been investigated, and very large 
numbers of castings up to several hundred- 
weights are now cast green, mostly in mixtures 
consisting of silica sand and some type of clay, 
often with the addition of a small amount of an 
organic binder, such as dextrin. More than half 
the tonnage of steel castings manufactured, how- 
ever, is still cast into dried moulds. Dried 
moulds are stronger than green moulds, so that 
they will stand more handling, and also can be 
used for larger and heavier castings than can 
green sand. They have a hard surface and evolve 
little gas or water vapour during casting. 

The materials used in this country for dry- 
sand work are familiar to British foundrymen, 
but, the present Congress being an international 
one, some particulars will be given of the 
materials used both here and in other countries. 


United Kingdom Practice 


In Great Britain, dried moulds are used for 
castings from the largest down to castings smaller 
than are made by this method in other countries. 
This is mainly because the natural sands avail- 
able in this country are not, without special 
treatment, particularly suitable for green or 
skin-dried work, and small or medium-weight 
castings are therefore made in dry sand as a 
measure of precaution. 

A good deal of Belgian moulding sand is still 
used in Great Britain, either alone or diluted 
with silica sand, which may be British or Belgian, 
the latter being usually preferable. These 
Belgian sands are apt to vary in preperties in 
different consignments, but if care is taken in 
making up foundry mixtures, they give very 
satisfactory results. Owing to the fall in ster- 
ling, their price has risen during recent years, 
and this has led to a diminution in the amount 
used. Belgian sand is not, so far as the authors 
are aware, used for the heaviest types of steel 
castings. 

Prepared synthetic sands can be purchased in 
different grades, suitable for use either as 
received, or after milling with silica sand or 
with reclaimed sand. They consist of heavily- 
honded natural sands milled with a suitable pro- 
portion of silica sand of a similar grain size. 
Equivalent mixtures can also be prepared in the 
foundry from the same raw materials. 

Another type of synthetic sand is produced in 
individual foundries by milling a selected silica 
sand with a suitable clay, sometimes with the 
addition of an organic binder. This type of 
sand has not been extensively used until 
recently, although one company, well known for 
the good finish of its castings, has used a similar 
mixture, but ‘containing core compound, for 
many years. Ordinary oil-sand core mixtures are 

lo used in some foundries, either for moulds in 


xes or moulds made as outside cores. 

For light castings, similar mixtures are also 

etimes used when skin drying, the moulds 
being left exposed to the atmosphere to allow 
he eore compound to harden. It is possible, 


* Paper presented to the International Foundry Congress held 
ondon and organised by the Institute of British Foundrymen. 
English Steel Corporation, Limited, Sheffield. 





however, to use for this purpose cheaper syn- 
thetic sands. 

The natural resources of Great Britain in re- 
fractory sands were surveyed by Boswell, the 
results being published in 1918.’ During recent 
vears, the technical examination and control of 
moulding mixtures have made rapid progress, 
and this, together with other factors, has led to 
a renewed search for other British moulding 
materials suitable for steel foundries. 

The results of foundry trials of a new moulding 
sand from Erith, and another one from the 
millstone grit beds near Chesterfield, are given 
in the “‘ First Report of the Moulding Materials 
Sub-Committee ’’ of the Iron and Steel Institute, 
which has recently been published.” 

The report also includes results of laboratory 
tests of sands prepared from other gritstones near 
Sheffield, and another from the Wrexham area.* 
Further investigations are being made of other 
materials, including both silica sands and clays. 


Overseas Practices 

The European continental practice in dry sand 
was reviewed in a Paper given last year by P. C. 
Fassotte,‘ in which he pointed out that Belgian 
natural sands are used extensively in Belgium 
and Northern France, where the foundries are 
very close to the sand deposits. This sand was 
formerly exported to many other parts of the 
world, including America and Australia, but 
owing to difficulties in obtaining supplies during 
the last war, and for other reasons, these 
countries have now developed their own resources 
of foundry sands. In Belgium, the natural sand 
is used for making castings of 50 tons or more 
in weight, but in Great Britain such castings 
are made in compo. Other foundries in France 
use either Belgian or French naturally-bonded 
sands to a considerable extent. 

Another moulding material, first developed in 
France, consists of silica sand bonded with 
cement. This method of moulding has been 
adopted by at least one steel foundry in Great 
Britain, and its use in that foundry was described 
in a Paper given at last year’s Conference of 
this Institute.* It is also in regular use in 
several foundries in the United States, and the 
results of laboratory and foundry tests on 
different sands and cements were given in a 
Paper published in the transactions of the 
American Foundrymen’s Association in 1937.* 

In America, synthetic sands are in almost 
universal use. They consist of fairly coarse- 
grained silica sands with a low clay content, 
milled with some type of refractory clay, an 
organic binder being sometimes added. To those 
accustomed to seeing in this country medium- 
weight castings being made in dry sand and 
the heaviest castings in compo, it is a surprise 
to find in America very large castings made in 
sand moulds. Some of these American sands 
were compared with English sands in a Paper 
given by one of the present authors at last 
year’s Conference of this Institute.’ 


Sheffield Compo 


Reference has already been made to the use of 
‘* compo.”’ This moulder’s composition, often 
known as ‘‘ Sheffield compo,’’ is probably the 
oldest synthetic moulding mixture used in this 
country. Its use may have been originally 
suggested by the fact that a similar material 
was employed in the hot tops placed on steel 
ingots, so that the ingredients were at hand for 
utilisation in the steel foundry. This mixture, 
which may seem somewhat strange to those visit- 
ing this country, consisted for many years of old 


crucible clay pots, old firebricks and Sheffield 
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ganister, all milled up together with fireclay, . 
some carbonaceous material such as coke or 
graphite being often added. Old crucible pots 
and old firebricks were plentiful and cheap; 
Sheffield ganister, a hard rock of high silica 
content, was already in use in the crushed or 
ground form as a refractory base for steelworks 
materials, so that the use of steel-foundry compo 
spread rapidly, and it has been used ever since 
almost exclusively for the manufacture of large 
and very large steel castings. 

Old crucible clay pots are now becoming 
scarce, as the crucible furnaces are replaced by 
high-frequency electric furnaces, and it has be- 
come necessary to find other materials to replace 
the old pots. Old retort bricks from gas works 
have been, and are still being, used, but suitable 
ones for making up compo are becoming less 
easily obtained, since the newer gas works use 
different refractories. The material which has 
lately been adopted in place of the clay pots is 
a calcined bauxitic clay to which the name of 
“ chamotte,’’ from a similar material used on 
the Continent, is becoming attached, this clay in 
most cases being obtained from Ayrshire. The 
foundry with which the authors are connected 
was one of the first foundries in Great Britain 
to use this clay with no addition of old pots, and 
has made regular use of this type of mixture for 
five years with success, for castings up to 120 
tons in weight, which are the heaviest made in 
this country. 

Chamotte 


In Germany, Czecho-Slovakia and other parts 
of Europe, there are few naturally-bonded sands 
available for the steel] foundry, and a material 
somewhat similar to English compo is used for 
dried work. The base is a calcined lean refrac- 
tory clay-grog called ‘‘ chamotte,’’ which is 
ground and milled with raw clay to form a 
moulding mixture whose working properties re- 
semble those of English compo. A similar mix- 
ture has also been lately adopted by a few 
American foundries. 

At Skoda, very large steel castings are made 
by an unusual process. Chamotte of a coarse 
grading, mixed with about 10 per cent. of clay, 
is rammed up behind the pattern. After the 
pattern is withdrawn, the green mould is very 
weak and has a very open face, which is closed 
up by successive applications of finer and finer 
chamotte paints. After drying at about 700 deg. 
C., the mould is extremely strong, and castings 
made in such moulds strip both easily and 
cleanly. This process has been successfully used 
in the foundry with which the authors are con- 
nected. Its disadvantages are, first, the high 
cost in England of the moulding material, and, 
secondly, the necessity of training moulders in 
an entirely new technique. The use of calcined 
clay-grog of the chamotte type has also been 
lately adopted by a few American foundries. 


Properties of Moulding Sands 


The significance of many of the properties of 
moulding mixtures which influence their beha- 
viour in the foundry is now well known. They 
include, in the case of dry sands, the size, shape 
and nature of the surface of the grains, 
permeability, green and dry strength, and 
water content after drying. The dry 
strength is, however, by no means a simple pro- 
perty. If it is defined as the strength of the 
sand after being heated and allowed to cool, its 
value depends on the maximum temperature to 
which it has been heated. The strength of the 
sand may °'so be measured whilst it is at the 
high temperature, this strength depending not 
only on the nature of the sand mixture and the 
temperature at which the strength is measured, 
but also on the rate of application of the load. 
In both cases the strength properties of the sand 
have important effects in the foundry. 

The strength of the sand whilst it is at a 
high temperature is important during the cast- 
ing process, when the layers of sand next to the 
casting are heated to a high temperature. The 
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strength after cooling from these high tempera- 
tures becomes important during subsequent 
fettling operations, especially if the surface 
layer of the sand burns on to the casting. 


Strength of Core Mixtures 


In the case of core mixtures made from silica 
sand and organic binders, the binders burn out 
at a comparatively low temperature, so that 
parts made of such mixtures which happen to 
be near the steel during casting lose their 
strength and are easily removed afterwards on 
cooling. Sands bonded with clays vary consider- 
ably in this respect. The behaviour of a core 
mixture and of typical moulding materials is 
illustrated in Figs. 1, 2 and 3. In each case 
cylinders 2.256 in. long by 1.128 in. diameter 
were prepared by double compression, kept at 
a selected high temperature for an hour, allowed 
to cool on the laboratory bench, and then crushed. 

Core mixture A (Fig. 1) consisted of Chelford 
silica sand mixed with 3.3 per cent. of a pro- 
prietary core-oil compound. After heating to 
350 deg. C., it lost practically all its strength. 
Somewhat similar behaviour is shown by sands 
B, C and D (Fig. 2). Sand B consisted of 
75 per cent. Belgian pallions moulding sand and 
25 per cent. of Chelford silica sand, the cylinders 
being rammed to a relative density of 1.8. Mix- 
ture C contained four parts of Leighton Buzzard 
silica sand and one part of King’s Lynn red silica 
sand, milled with 4 per cent. of refractory clay 
and 2 per cent. bentonite. The relative density 
of the cylinders was 1.8. Both these mixtures 
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which is referred to later. A foundry trial was 
made of the millstone-grit sand, without paint- 
ing, and the castings made in it were particularly 
difficult to fettle. 


Surface Effects 
Whether the moulding mixture used has a 
natural or a synthetic base, it is possible, after 
it has been properly rammed and moulded, to 
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obtain poor results in the surface of the castings, 
by incorrect treatment of the mould face after 
withdrawing the pattern and finishing the mould, 
and also by improper treatment either in the 
drying stove or subsequently. Drying is of prime 
importance, since both under-drying and over- 
drying often lead to trouble: under-drying 
because water is present in the mould during 
casting, and over-drying because, in the case of 
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are used for dry-sand work. Sand D is a facing 
sand for green work, which has been included 
for comparison purposes. It consisted of King’s 
Lynn red silica sand milled with bentonite and 
a small amount of dextrin, the cylinders being 
rammed to a relative density of 1.6. Such graphs 
may be used to fix the drying temperature of 
moulds made with the sands. In the present 
instance, they illustrate the fact that each of 
these sands loses its strength almost completely 
after being heated to 900 or 1,000 deg. C. 

The behaviour of moulding materials E, F 
and G is somewhat different, as shown in Fig. 3. 
Sand FE was Belgian yellow sand, milled but not 
diluted with silica sand, at a relative density of 
1.8. Sample F was of foundry compo, made from 
34 parts old firebricks, 2 parts calcined clay, 
14 parts calcined ganister, 1} parts fireclay, and 
1 per cent. of black lead. This was tested at 
a relative density of 1.9. Sand G was prepared 
from the millstone-grit sand from Chesterfield, 
referred to earlier in the Paper, milled and 
tested at a relative density of 1.8. All these 
materials retain an appreciable strength after 
being heated to 1,000 deg. C., though in the case 
of the Belgian sand the proportion of the maxi- 
mum strength retained is not high. 


The compo and millstone-grit sand, however, 
are stronger after being heated to 1,000 deg. C. 
than after heating to any lower temperature. 
If, therefore, there were any burning on to the 
casting of surface layers of this compo or sand, 
the casting would be correspondingly more diffi- 
cult to fettle. The burning-on of compo is 
usually guarded against by the application of 
paints to the surface of the mould, a matter 
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some sands, it weakens the surface of the mould, 
which is then more easily washed away by the 
steel. 
Importance of Proper Drying 
The importance of proper drying is generally 


realised, and many new drying plants have 
recently been installed in steel foundries. New 
plant does not, however, of itself guarantee 


success, and if any signs are observed of varia- 
tions of moulds dried in different parts of a 


stove, exploratory tests should be carried out. 
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Drying Stove, sHow1ne Ponts. 

The temperature of a mould drying stove is 
usually controlled by observing the readings of 
an indicator or recorder connected to either a 
thermometer or a low-temperature thermocouple, 


placed in a fixed position in the stove. Some- 
times two such instruments are used in an 
attempt to obtain better control, one being 


placed near the entry for the hot gases, the 
other near their exit. Usually the thermometric 
parts are robustly constructed and heavily pro- 
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tected against rough shop usage, which means 
that their readings lag considerably behind any 
alterations in temperature to which they are 
exposed. It also minimises any such variations. 
One or two such instruments cannot be expected 
to give any reliable indication of the tempera- 
ture distribution throughout the stove space, but 
this distribution is, nevertheless, extremely im- 
portant in determining the efficiency of the 
drying process. New stoves have been recently 
installed in the foundry with which the authors 
are connected, and from observation it was con- 
sidered necessary to carry out experiments to 
determine the temperature distribution in a 
selected stove. 


This is of the type fitted with doors at both 
ends, and the moulds were charged into it by 
means of bogies. 

The chamber is rectangular in section, being 
18 ft. long by 9 ft. wide at the bottom by 
7 ft. 6 in. high. The firebox is at one side, the 
gases being led into a mixing chamber from 
which they enter the stove through ports 
arranged in three horizontal rows. These ports 
consist of holes in a brick structure which pro- 
jects 18 in. into the stove, so that the upper part 
of the stove is 10 ft. 6 in. wide. The arrange- 
ment of the ports is shown in Fig. 4, there being 
twenty-five in each row, the ports near the doors 
being larger than those towards the middle of 
the stove. The stove was already fitted with two 
recorders of the dial type connected to heavily- 
sheathed couples, one near the firebox side, the 
other near the exit side. Heating is by means 
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of coke burned in the firebox, and secondary 
heated air is blown into the stove by means of a 
fan, along with the products of combustion. The 
exits in the floor of the stove are connected to 
an exhaust stack with natural draft. 












































Fic. 6.—PLAN oF STOVE, SHOWING MovULDs 
In Position. (A, B, C = THERMO- 
COUPLES.) 
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Eleven additional thermocouples were put in 
the stove, their positions being as shown in 
Fig. 5, which is an end elevation of the stove 
at its medial section. Fig. 6 is a plan of the 
stove showing the arrangement of the moulds 
during one of the experiments described below, 
the other arrangements being extremely similar. 
In the first run, a number of moulds were dried 
according to the usual practice, all the ports 
being left open, and readings of all the couples 
were taken at intervals during the later portion 
of the drying period. The results are set out in 
Table I. 

At the same time the readings (Table II) of 
the recorders permanently installed on the stove 
were taken. 

It is evident that throughout the period the 
temperature distribution across the stove was 
very far from uniform. It will also be seen that 
the gradual rise in temperature of all parts of 
the stove section is not shown by recorder A, and 
only in part by recorder B. This behaviour was 
repeated in the later experiments described be- 
low. It was decided to close some of the ports 
and so alter the course of the gases through the 





























































































































































































































Fie. 7.—DIAGRAM SHOWING ALTERATIONS 
Maspe to Ports oF DryInG STOVE. 


stove in an attempt to obtain a more uniform 
temperature distribution, all ports being left 
open in the above test, as illustrated diagram- 
matically in Fig. 7 (1). 


Second Test (Table III) 
For this, eight ports in the middle of all three 
rows were closed, as shown in Fig. 7 (2). 


Third Test (Table IV) 
For this, all twenty-five ports in the top row, 
and the central eight in the middle row, were 
closed as shown in Fig. 7 (8). 


Fourth Test (Table V) 


For this, the central seventeen ports in the 
top row and the central eight in the middle row 
were closed, as shown in Fig. 7 (4). 

Considering the distribution of temperature 
across the stove, the second and third tests gave 
results better in parts, but mostly worse than 
the first test. The fourth test, however, shows 
an all-round improvement. For example, taking 
in each case the final observed temperatures, the 
difference at the one side between top and 
bottom (couples 3 and 11) has decreased from 
108 to 67 deg.; from side to side of the middle 
(couples 4 and 8), decreased from 62 to 41 deg. ; 
from corner to corner (couples 3 and 9), de- 
creased from 56 to 7 deg. To obtain absolute 
uniformity of temperature distribution is, of 
course, impracticable. Even if it were obtained 
for a particular loading of moulds, it would be 
upset for the next batch to be dried, unless the 
arrangement of moulds was exactly the same. 
it is nevertheless important, for adequate dry- 
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ing of moulds with even moderate fuel economy, 
to avoid cold areas in the drying stoves, since 
these either prolong the drying operation un- 
duly, or give incompletely dried moulds. 


Moisture Absorption after Stoving 
Plastic clays are hygroscopic after drying, and 
absorb water vapour from the air with great 


TaBLE I.—7'emperature Readings in deg. C. taken on a Mould Drying Stove. 
Heating Started at 4.40 a.m. 


105 


towards the surface after the mould has cooled 
down. This movement or “ striking back ’’ is 
likely to occur more particularly in pit-mould- 
ing, where the mould cannot be heated as a 
whole, and all the drying takes place from the 
face inwards. 

It is thus important not to allow moulds which 
have been dried to stand in the casting bay for 


First Test. 


Couple number. 












































| 
Time. | $$$$________ ———_— 
|}. | 2 3. 4. 5. a iti @ 9. 10. 11 
10.30 a.m. .. ..| 440 405 405 455 365 270 245 365 480 280 270 
11.00 a.m. .. oo) 43 424 424 460 330 280 250 380 485 295 285 
11.30 a.m. .. --| 462 435 424 464 382 290 280 385 502 305 295 
12.00 noon .. ..| 470 445 442 470 394 300 268 395 508 315 302 
12.30 p.m. .. ..| 474 445 440 470 394 300 268 395 508 315 302 
2.00 p.m. .. ..-| 460 436 434 470 405 310 280 394 494 325 310 
2.30 p.m. .. ..| 460 430 432 460 405 420 290 394 484 325 315 
3.00 p.m. .. ..| 465 440 438 464 408 425 292 398 495 330 318 
3.30 p.m. .. --| 470 446 444 468 417 330 300 404 504 338 323 
4.00 p.m. .. ool 448 445 470 420 338 306 406 502 345 328 
4.30 p.m. .. --| 475 450 448 472 424 342 312 410 504 345 330 
readiness, This absorption takes place at the a longer time than is definitely necessary, before 


surface of the dried mould, and leads to a rapid 
decrease in the strength of the face, so that, on 


TABLE II.—Readings in deg. C. from Permanently Installed 
Recorders. 


| Recorder at 





Recorder at 





Time. firebox port 
side (A). side (B). 

10.30 a.m. -.| 538 332 
11.00 a.m. ; 540 343 
11.30 a.m. a 543 | 349 
12.00 noon sal 543 354 
200m. | 88 360 
2.30 p.m. a 532 | 366 
3.00 p.m. e 532 360 
3.30 p.m. | 532 366 
4.00 p.m. wel 532 368 
4.30 p.m. oe __ 582 _. 372 


casting, the steel is more easily able to wash 
away the surface or to penetrate into the mould 
through the surface layer. The fall in strength 


casting. If a dried mould does stand for a long 
time in the foundry, putting it back into the 
drying stove and reheating it to drive off the 
absorbed water does not restore the original 
strength of the dried surface, but leaves it per- 
manently weaker than after the original drying. 


Mould Paints 


In modern dry-sand practice, most moulds are 
given a coating of some kind of paint, and the 
results obtained in the stripping of the castings 
depend largely, other things being equal, on the 
nature and manner of application of the paint. 
It is the surface layer of the mould which comes 
into contact with the steel during casting, and 
is consequently raised to the highest tempera- 
ture. The properties of this layer, therefore, 
determine the behaviour of the mould during 
stripping. A paint may be applied to increase 
the refractoriness of the surface of the mould. 
It is found, however, that too refractory a coat- 
ing, though it may leave the steel readily after 


TaBLE III.—Temperature Readings in deg. C. after Modifications. Second Test. Heating Started at 3.45 a.m. 





Couple numbers. 




















Time. 
1. 2. $. | 4. 
10.45 a.m. .. --| 350 335 325 367 
11.00 a.m. .. --| 350 337 328 370 
11.30 a.m. .. -o| S68 348 335 381 
12.00 noon .. ool SOT 364 349 402 
12.30 p.m. .. --| 405 394 372 445 
1.00 p.m. .. --| 445 430 408 525 
2.30 p.m. .. --| 483 463 440 570 
3.00 p.m. .. --| 518 478 463 571 
3.30 p.m. .. --| 481 463 443 518 
4.00 p.m. .. .-| 445 425 408 454 





TaBLE IV.—T'emperature Readings in deg. C. after Second Modification. 














5. 6. tei & | © | 
j i | ——— 
308 338 288 | 292 | 318 225 | 208 
310 312 290 | 298 | 300 228 212 
318 323 300 | 304 288 237 | 219 
327 334 310 | 318 | 292 244 225 
343 352 325 335 305 358 235 
366 376 350 362 | 342 282 254 
417 419 393 398 | 380 341 290 
445 440 410 413 395 353 302 
438 432 402 406 | 391 | 353 | 302 
410 400 375 370 | 364 | 320 270 


Third Test. Heating Started at 8.00 p.m. 


Couple numbers. 


Time. — cecesanigrinetonemnaagmennaist 


1. 2. 3. 4. 


5. 6. | 7 | 8 9. 10. | UL. 





12.00 noon .. -+| 425 396 390 426 
12.30 p.m. .. --| 446 404 388 437 
1.00 p.m. .. --| 440 410 407 439 
2.00 p.m. .. --| 441 416 402 450 

















2.30 p.m. .. --| 442 420 411 449 
3.00 p.m. .. --| 469 439 422 472 
3.30 p.m. .. .-| 458 435 425 468 
4.00 p.m. .. -.| 472 443 429 482 


of dried sand specimens was described in a Paper 
given by one of the present authors at the 
French Foundry Congress last year,* and the 
results of further experiments are set out in the 
Iron and Steel Institute Report already referred 
to.° If the drying process has been incomplete, 
so that water is still present inside the mould 
material, then this water will move outwards 


ee 


| 
331 272 316 362 | 404 269 257 
334 281 312 365 407 278 265 
349 294 340 | 381 429 | 282 | 271 
362 314 351 385 | 441 295 | 285 
369 319 | 359 | 389 440 | 298 287 
376 | 325 | 361 399 | 443 299 289 
386 334 370 404 | 452 313 300 
393 348 378 411 456 | 321 308 

















cooling, is apt to give a rough surface to the 
casting. Most paints contain mixtures of oxides 
such as silica and alumina, whilst any oxida- 
tion of the steel in contact with the mould gives 
ferrous oxide, with small amounts of other 
oxides such as manganese oxide, All these oxides 
can react together to give a highly viscous slag, 
which should adhere to the facing sand behind 
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it, and not be fusible enough or of such a com- 
position as to fuse to the surface of the steel in 
front of it. 


TaBLE V.—T'emperature Readings in deg. C. after Third | 
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on the side opposite the runner and shows an 
excellent finish. Fig. 10 shows the part of the 


casting in front of the runner, where there is a 
Modification. Fourth Test. Heating Started at 3.00 a.m. 


Couple numbers. 








Time. 
R. 2. 3. | 4. 





ll.l5am...  ..| 397 | 382 | 372 | 431 
11.30a.m... ..| 408 | 393 | 383 | 440 | 
12.00 noon..  ..| 472 | 429 | 425 | 455 | 
12.30p.m... ..| 492 | 442 | 451 | 465 | 
1.00pm...  ..| 513 | 470 | 473 | 470 














2.30 p.m. .. --| 442 424 418 430 
3.00 p.m. .. -.| 448 433 424 448 
3.30 p.m. .. --| 458 451 437 457 
3.50 p.m. .. --| 483 458 448 473 


Modern dry-sand mixtures are usually coarser 
in grain and more permeable than those for- 
merly used, and one function of the mould paint 
is therefore to seal the surface of the mould and 
to prevent penetration of the steel. If pene- 
tration does occur, the steel flows for a surpris- 
ing distance between the sand grains and a mix- 
ture of sand and steel results, which is very diffi- 
cult to deal with in the fettling shop. Fig. 8 
is a photomicrograph at a low magnification of 
a sand-steel mass produced in this way, the black 
areas being holes, the grey areas steel, and the 
white areas sand. In this mixture there was 














5. | 6. . & &. | 2 10. i, 
381 | 286 328 364 | 365 296 318 
389 | 296 333 | 375 372 304 | 324 
419 | 323 348 403; 394 | 320 339 
444 | 341 364 425 | 421 | 337 356 
452 | 355 | 380 | 444 448 352 370 
434 | 366 | 380 | 404 | 443 343 360 
443 | 367 | 383 | 414 | 442 | 355 367 
450 | 375 | 390 424 | 448 | 362 374 
461 383 | 398 | 482 | 455 | 370 381 


small amount of burning-on, due to penetration 
of the paint, which has not sufficiently resisted 
the wash of the steel. Fig. 11 is a photograph 
of a similar casting, the mould being made with 
the same materials treated in exactly the same 
way, except that it was left standing a longer 
time before casting. The surface of the mould 
has been weakened and there is more penetration 
of the steel through the surface, though the face 
is not much burnt on to the casting. 

These photographs of castings cast in moulds 
of a synthetic sand consisting of silica sand and 
clay may be compared with Fig. 12, which 








Fie. 9.—3-TON CASTING MADE IN DRIED SYNTHETIC SILICA SAND 


AND Cray MIXTURE, PAINTED WITH WHITE 


47 per cent. of steel, which had penetrated two 
inches from the surface into the interior. 

Paints for dry-sand moulds may be made in the 
foundry from a variety of materials, a very popu- 
lar base being silica flour. This is suspended in 
water and may be applied either by brushing or 
by spraying. A coating of silica flour by itself, 
however, is powdery and easily rubbed away 
after drying. The liquid is therefore stiffened 
by the addition of bentonite, which increases the 
dry strength of the coating, and a small amount 
of core compound, which hardens the surface. 
A typical composition of such a paint is as 
follows :— 


Silica flour 20 Ibs. 
Bentonite 4 Ib. 
Core cream 14 Ibs, 
Water 2 gallons. 


This is suitable for spraying. If a brushing 
paint be required, the amount of water is re- 
duced until the desired consistency is obtained. 

A casting weighing 3 tons made in a dried 
synthetic silica sand and clay mixture, painted 
with white silica paint, is illustrated in Figs. 9 
and 10, in the stripped state. Fig. 9 is a view 


. 


Sizica Parr. 


shows a smaller casting weighing 8 cwts. cast 
in a mould made from a proprietary facing 
sand, diluted with an equal amount of King’s 
Lynn red silica sand. In this case, the sand 
has fallen away from the casting very well, 
but there is some burning-on in the re-entrant 
angle, where the sand has been heated most 
strongly. 

Apart from the composition of a mould paint, 
the way in which it is applied to the mould 
surface is very important. It should be 
sufficiently thin to penetrate into the surface, 
and thus key itself well to the mould material. 
This means that it is often necessary to apply 
more than one coat, to give an adequate thick- 
ness of paint. If the paint is applied as a 
single thick layer, it frequently rests very 
loosely on top of the mould material without 
penetrating between the grains, and is easily 
dislodged in patches, especially during casting. 

The finishing and painting of moulds is par- 
ticularly important where compo is being used. 
Different methods of using compo are in opera- 
tion in different foundries, and in the foundry 
with which the authors were concerned, good 
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results have been obtained by using a coarse- 
grained compo for the moulding material, the 
face of the mould being afterwards finished by 
working into it a paint made from either 
crushed high-alumina clay which is the basis 





Fic. 8.—Sanv-STEEL MAss PRODUCED BY 
PENETRATION OF STEEL THROUGH 


Movuutp Surrace. x 5. 





Fie. 10.—THe SaMe CastTING As IN Fic. 9, sHow1NG SMALL AMOUNT OF 
BURNING-ON IN Front oF RUNNER. 


of the compo, or from crushed clay pots, with 
an addition of raw clay to provide sufficient 
bond. This paint may with advantage be made 
in two grades, one a coarser paint which is 
applied first, and keys very well into the coarse 
compo, the other a finer one which in turn 
keys itself into the rather rough surface left by 
the coarse paint, and provides a smooth finish 
to the mould. 


Experiments with Compo 
Compo has been used continuously in this 
country as a moulding material for many years. 
There were many local variations in its make- 
up due to the incorporation of materials 
plentiful in a particular locality, but no major 


alteration took place until the increasing 
scarcity of old clay pots necessitated the 
utilisation of alternative materials. The in- 


fluence of size and shape of particle, and the 
importance of the distribution of particle siz 
which have been investigated during recent 
years in sands and other refractory materials 
such as bricks, appear to have received little 
attention in the case of compo. 
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This omission is now being remedied. Other 
investigations, some of which are described in 
the Iron and Steel Institute Report already re- 
ferred to,’ are towards the utilisation of a 
straight mixture of a single refractory material 
with raw clay. 

The variation in particle size distribution and 
other properties of compos at present in use is 
illustrated in Table VI, which gives the results of 
examination of three compos manufactured and 
sold in considerable quantities to foundries by 
three well-known companies. It is naturally to 
be expected that the foundry behaviour of these 
three materials will be different if they are 
treated in the same way. ; 

One fundamental difference between dry sand 
with a silica base and compo with a clay base is 
in their volume change after being strongly 
heated, 
This is illustrated by results (see column 
experiment in which some of the 


silica expanding whilst clay contracts. 
2) of an 
materials 





Fig. 11.—CastTiInG MADE IN MOULD WHICH HAD BEEN ALLOWED TO Fie. 12. 
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grains are included which have previously been 
heated to a sufficiently high temperature, the 
after-expansion of the sand mixture will be 








reduced. 

Green ¢ hange in 

Mixture. relative length. 
density. Per cent. 

B 1.8 | + 2.08 

C 1.8 + 4.07 

F | 1.9 — 1.39 

G a! 1.9 + 3.47 


Making Medium-Weight Castings 

For moulding medium-weight castings, compo 
and dry sand are competitive materials. Either 
can be used satisfactorily, and the choice, for 
given casting, often depends on the relative 
quantities of the two materials available at the 
time, or on the amount of work passing 
through different sections of the shop. The possi- 





STAND For A LONGER TIME. 


already referred to in connection with Figs. 2 
and 3 were formed into cylinders 2.256 in. long by 
1.128 in. dia., which were heated to 1,460 to 
1,470 deg. C. for 1 hr., and their lengths 
measured again after cooling. 


_TasLe VI.—Properties of of Thr Three Compos. _ 


Per cent. 








BSI. ee - Compo 1| Compo 2 | Compo 3 
8 0.3 3.1 1.9 
a as 5.8 4.7 3.2 
ae 7.8 11.6 8.6 
22 5.9 7.5 | 4.1 
30 4.3 4.0 3.9 
44 6.3 7.5 | 4.1 
60 9.0 7.6 4.8 
100 11.1 8.6 11.5 
150 : 2.7 16.7 
Silt grade ios oa) aoe 24.1 | 20.0 
Clay grade.. .. .., 20.2 | 18.6 | 19.4 
Permeability No. .. col; a 33 | 30 
Green strength. Lbs. per | 
i se si 8.6 6.7 | 8.8 
Water content. Per cent. 8.6 8.2 7.7 


Dried at 200 deg. C. for } 
lhr. Lbs. per sq. in. 116 218 140 
Heated to 900 deg. C. for 
1 hr. and crushed cold. 
Lbs. per sq. in. .. ..| 190 470 150 





The actual figures obtained naturally vary with 
the previous history of the materials. For ex- 
ample, a clay base which has already been cal- 

ned will have already contracted permanently, 
whilst the raw clay used for binding will contract 

n heating. Similarly, if any reclaimed silica 


bilities of dry sand are being investigated, and 
it is being used for progressively heavier work. 
It may in time replace compo entirely, in this 
country. From an economic point of view, dry 
sand is a cheaper material than compo, since it 
uses a cheaper base, some old sand may be re- 
claimed for subsequent use, and the cost of paint- 
ing moulds is less than in the case of compo. 
On the other hand, compo has an established 
position in making the heaviest steel castings, 
and also there seems no reason why larger 
amounts of compo should not be reclaimed than 
in current practice. In the authors’ opinion, 
both materials will be used in this country for 
some years to come, their foundry properties 
being steadily improved as_ investigations 
progress. 

The authors express their grateful thanks to 
the directors and management of English Steel 
Corporation, Limited, for permission to publish 
this Paper, the experimental work for which was 
carried out in the foundries and laboratories of 
that company. 
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Book Reviews 


The Welding of Cast Iron by the Oxy-Acetylene 
Process. By L. Tibbenham, M.1I.Mech.E. 
Published by Sir Isaac Pitman & Sons, 
Limited, Parker Street, Kingsway, London, 
W.C.2. Price 4s. net. 


This little book—it runs to just under ninety 
pages—could usefully be used as a model for 
future authors writing upon some phase of weld- 
ing. This statement is made because, in the 
first chapter, an honest attempt has been made 
to disclose the nature of the material to be 
welded. No welder will be really master of his 
job until he possesses this fundamental informa- 
tion. The same thought applies to Chapter III, 
wherein the nature of the gases occurring in 





IN A DIFFERENT 


CASTING MADE 
SAND. 


—8-CwrT, 


blowpipe flames is disclosed, and it might have 
been more logical to make this Chapter II, 
which under the present arrangement deals with 
the preparation and welding of castings. The 
balance of the contents covers such subjects as 
systems of oxy-acetylene welding, welding rods, 
low-temperature welding of cast iron, and bronze 
welding. The two diagrams, Figs. 38 and 41, 
are particularly useful as conveying information 
bearing upon the final structure of the weld 
area. 

Bearing in mind the modest price at which 
this book is to be sold, the reviewer can recom- 
mend it as being really good value for money. 
It should be useful to the metallurgist interested 
in welding and to the practical welder desirous 
of obtaining a better knowledge of the material 
upon which he works. 


Boiler Feed Water Treatment. By F. J. 
Matthews, B.Sc. Published by Hutchin- 
son’s Scientific and Technical Publications, 
Paternoster House, “; E.C.4. 2nd 
edition. Price 12s. 6d, net 

At the end of a long and atetiate review of 
the first edition in March, 1936, Mr. Percy 

Fox Allen wrote in our columns: ‘ This book 

may well become a standard work on the sub- 

ject with which it deals.’’ Since then a second 
impression has been printed, and now, after 
three years, a second edition, revised and en- 
larged, has been found necessary, Thus Mr. 

Fox Allen’s assessment of the worth of the book 

has been fully corroborated. 
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Organisation and Development of 
Steel Foundry Research 
By WILFRED JOHN DAWSON, Assoc. Met., Sheffield 


(Concluded from page 76.) 


RESEARCH ORGANISATION IN 
GREAT BRITAIN 


Steel Castings Research Committee 


Whilst, as in other countries, most foundries 
conduct research relating to their individual 
and special problems, co-operative research has 
in recent years been actively pursued in Great 
Britain by a Joint Committee of the Iron and 
Steel Institute and the British Iron and Steel 
Federation. It works under the supervision of 
the Research Council of the Federation. 

Financial assistance is provided by grant from 
the General Steel Castings Association, a 
national body embracing the steel foundry in- 
dustry of Great Britain, and also by the Re- 
search Council of the Federation. Besides the 
money thus provided, considerable contributions 
are rendered in kind by research work conducted 
in individual foundries by the members of the 
Committee and others. 

The Research Committee is so constituted as 
to avoid overlapping with other bodies in- 
terested in foundry work, maintaining an effec- 
tive liaison with the General Steel Castings 
Association, the Institute of British Foundry- 
men and the British Cast Iron Research Asso- 
ciation by the inclusion of delegate members 
nominated by those bodies. 

The First Report of that Committee® dealt 
principally with the examination of castings, 
many of them of intricate form. It served as 
a stimulus to the development of a scientific 
outlook in regard to foundry practice. In the 
continued work of that Committee it was deter- 
mined that attention could be most usefully 
directed to an individual and intensive study 
of the basic factors which enter into the pro- 
duction of steel castings, and at the outset to 
the properties of steel which affect the quality 
of steel castings. The pouring character of 
molten steel was regarded as being amongst the 
cardinal problems to be solved, and a series o 
investigations was undertaken with a view to 
determining a suitable test of fluidity for work- 
shop use. The progress made in this direction 
has been promising.° 

As shown in the later Reports, a relationship 
has been traced between the fluidity and the 
freezing characteristics of an alloy system as 
defined by the solidus and liquidus curves in the 
equilibrium diagram of the system. The results 
fall into agreement with relationships found by 
Portevin and Bastien in regard to non-ferrous 
metals.’° ™ 

In the Second Report considerable further 
attention was devoted to the question of the 
strength and ductility of cast steel during cool- 
ing from the liquid state in sand moulds.” 
Briggs and Gezelius,’*** working in America, 
had provided a very complete discussion of the 
effect of directional solidification on the sound- 
ness of steel castings. It was apparent that the 
effect of casting temperature and the rate of 
pouring on the actual contraction occurring 
during cooling was required to be ascertained. 

A general review of the properties of steel 
which affect the quality of steel castings, com- 
municated by Dr. R. H. Greaves, formed a basis 
for the first reports on fluidity of molten steel'* 
and the investigations” of Mr. H. F. Hall, in 
the Research Department, Woolwich, on a 
series of cast test-bars, which were subjected to 
mechanical tests at successive intervals of time 
whilst cooling in the mould. 

Other matters which had engaged the atten- 
tion of the Committee in the Second Report had 


been the position of radiological examination of 
steel castings, pyrometric measurements and a 
bibliography on the fluidity and viscosity of 
metals. 

The radiological examination of steel castings 
is a subject to which increasing attention is 
being directed, particularly as an aid to the 
production of sound castings with a minimum 
expenditure of steel in the form of feeder heads. 
The difficulty of assessing correctly a practic- 
able standard of soundness in relation to the 
application of a casting to its purpose is a real 
one, which presents a problem that calls for an 
answer. In the United States, considerable 
attention is being given to this question. 

As to the value of X-ray examination as a 
means of setting up suitable manufacturing pro- 
cedure, there can be no question; on the other 
hand, there is a natural fear on the part of 
many foundries that, when it is used as a re- 
ception test in an arbitrary manner, perfectly 
good castings may be rejected, although of an 
order of soundness equal to those already func- 
tioning quite satisfactorily under service con- 
ditions. 

In the Third Report** the subject of fluidity 
of steel, studied both from the fundamental and 
practical standpoints, has been carried forward 
to the point of arriving at a fluidity test, which 
served the imperative need of an indication of 
the fluidity of the metal before it was poured 
into the mould. Further progress was reported 
of the investigations into the susceptibility of 
steel to hot tearing.” The advantages which 
copper offered as an alloying addition in steel 
castings have been determined." 

Two Sub-Committees have commenced acti- 
vity, one concerned with moulding materials and 
the other with foundry practice. Their pro- 
grammes of investigations are as follow :— 

The Sub-Committee on Moulding Materials is 
continuing investigations relating to methods 
of testing moulding sands, the search for new 
native sources of material, the various labora- 
tory investigations being defined as follows :— 

(a) Examination of the properties 
different sands suitable for foundry use. 

(b) The preparation of ‘‘ standard ’’ mould- 
ing sand. 


of 


(c) Various methods of testing sands, in- 
cluding sieve testing, and methods of dry- 
sand testing. 

(d) An investigation of synthetic sands. 

(e) The determinations of diagrams of oxide 
systems affecting the work of the Sub-Com- 
mittee. 

(f) An investigation of different bonding 
materials. 

The Sub-Committee on Foundry Practice is 
continuing work previously undertaken by the 
main Committee in regard to the conditions 
affecting the production of tears in castings. 
Other researches to be undertaken are :— 

(1) The investigation of the effect of head- 
ing and running methods on the solidification 
cavities formed when casting simple shapes in 
steel. The object of the investigation is to 
enunciate rules to be followed in order to 
obtain:—(a) The absence of any cavities or 
segregated areas in a casting, and (b) the 
best ratio of the size and weight of the feeder 
head to the casting and the best position of 
the feeder head. 

(2) The application of the results from (1) 
in the study of selected castings. 
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(3) The investigation of the influence of 
brackets and chills (both external and in- 
ternal) in avoiding defects or overcoming 
manufacturing difficulties. 

(4) An investigation into the methods of 
running and gating castings. 


NATURE OF OUTSTANDING PROBLEMS 


Some answer to the question ‘‘ Why has 
foundry development lagged behind metallur- 
gical progress?” is to be found in the com- 
plexity of foundry practice. The variables in- 
volved in the production of a steel casting in- 
clude questions of design, the nature of the 
mould, the quality of the steel and the pouring 
conditions. Each of these factors includes 
numerous others, an infinite variation in pro- 
portion for the casting; thus, for example, in 
the moulding materials all the variables of the 
mixture, grading and preparation; in the steel, 
the effect of process, composition, fluidity, hot 
strength and air-hardening quality; and as re- 
gards casting, running, gating and temperature. 
' The successful production of steel castings 
depends upon the control of factors which, for 
convenience, may be classified under three head- 
ings, and on this basis consideration may be 
given to possible subjects for investigation. 


(a) Design 


It is not difficult to understand why, having 
in mind the many possible combinations among 
the above-mentioned variables, it frequently 
happens that different foundries adopt different 
methods of dealing with a casting of given 
form. ; 

By comparison, the casting of sound ingots 
is a very simple task, yet even here there are 
many difficulties to be surmounted, notwith- 
standing the advantages arising from the 
greater flexibility of design of the ingot and 
the possibility of feeding by differential 
chilling. 

Consideration of these facts leads to the con- 
clusion that the most effective way of research 
into such a complicated problem is to proceed 
from the simple, involving the least possible 
number of variables, and stage by stage to 
develop into the more complex. _ 

In this respect the needs of engineering prac- 
tice are so diversified and from-the point of view 
of the production of a really sound casting 
the design is frequently so irrational that the 
founder is driven to a more or less satisfactory 
compromise. 

The subject has often been discussed, and a 
necessity demonstrated for co-operative action 
between the user and the steel foundry. It is 
one that might well be investigated by a joint 
body representing foundrymen, technical and 
engineering users. 


(b) Nature of the Mould 


In this case the essential elements of success 
depend upon the properties of the moulding 
materials, and accordingly the extensive work 
which is being carried out all over the world 
in an effort to evaluate the critical characteris- 
tics of moulding materials should provide ulti- 
mately a sound basis for unerring practice. 
The extensive reports of the American Foundry- 
men’s Association and a recent First Report 
to the Moulding Materials Sub-Committee are 
full of references to problems which await solu- 
tion. 

(c) The Quality of the Steel and 
(d) The Pouring Conditions 


These are complementary factors, the former 
depending upon the melting conditions and the 
latter the ladle practice. In both of these, ad 


vances are being made in all the principal steel- 
making countries in the application of thos 
fundamental methods of investigation which are 
generally referred to as the study of the physi- 
cal chemist~y of steelmaking. 
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GLANTON 
for TENSILES 






Tensiles of 12-14 tons per 
sq. in. are regularly obtained 
on mixtures using Glanton as 





a basis. 
Glanton can be confidently used for the 
general strengthening of all cupola mix- 
Analysis tures atsmall cost. A series of mixtures 
= using Glanton were made in an 18” 
Graphitic| Combined | Total 2 ‘ 
——| Se | —) oe | Mere Cupola to ascertain the strength which 
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| could be expected in the average foundry 

0.§-0.75 | 0.7-1.0 where high grade metal is required. Full 
particulars are available on application. 
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The Stanton ironworks Company Limited, Near Nottingham 


The largest producers of foundry pig iron for the free market in Great Britain. 
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Further, the steel as it freezes in the mould 
passes through three stages, each having an 
entirely different set of physical characters, 
namely, the fluid state; the plastic state between 
the liquidus and solidus range, and that occur- 
ring just below the freezing point in the range 
of temperature in which the stresses arising 
during cooling down can cause disruption (tears 
and pulls), or warping; and the rigid state where 
again the influence of stresses and the cooling 
conditions are capable of producing a multitude 
of different effects on the structure and the pro- 
perties of the cooled metal. 


The Heterogeneity Committee of the Iron and 
Steel Institute has now been at work some fifteen 
years attempting to elucidate the rationale of 
the formation of the structure of steel cast in 
metal chill moulds. The same problem remains 
to be solved in regard to steel cast in both green 
and dry sand. It has been found that the 
heterogeneity of a chill-cast ingot is influenced 
largely by the character of the liquid steel which 
is poured into the mould, by its essential com- 
position, i.e., degree of freedom from sulphides, 
phosphides, oxides, and by its casting tem- 
perature. Accordingly, therefore, the trend of 
recent work has been directed towards a study 
of the factors governing the characters of the 
liquid steel during its melting and refining. 
When, however, a sand casting is considered, 
additional complications arise from the change in 
the character of the mould, the greatly increased 
complexity of dimensions and the influence of 
gases from the mould. Different conditions 
of running and feeding arise, and it does not 
necessarily follow that a set of conditions which 
may be ideal for a simple geometrical shape, 
such as an ingot, will apply to complicated 
designs. 

The nature of the difficulty was ably expounded 
by the late J. H. Dickenson, in the discussion 
of the First Report of the Steel Castings 
Research Committee.”* 


At present the design of feeder heads, their 
location, method of gating and running may be 
regarded more or less as an art, and therefore 
success is dependent upon the skill and experi- 
ence of the individual. It is, however, believed 
that intensive and co-operative study of this 
branch of foundry practice will lead to the 
formation of generalisations which will go far to 
lay a scientific foundation upon which can be 
built a rationale of practice for any particular 
class of product. 

A wide field for investigation is offered in the 
correlation of the physical properties of the cast- 
ing as a whole with its variation of structure, as 
governed by casting design and the mode of heat 
abstraction applied in the cooling, as distinct 
from the results obtainable on cast coupons. 

The further work being undertaken by the 
Steel Castings Research Committee on the pro- 
perties of steel during cooling at temperatures 
just below the setting point should throw con- 
siderable light on a number of these problems. 
The bearing of the design and construction of 
the mould is a more elusive problem, but of equal! 
importance in its effects. 

The question of soundness and cleanliness of 
the steel is fortunately a problem which can be 
studied apart from the complicating effects of 
mould design. 

The bearing of deoxidation and the influence 
on fluidity of refractories and fluxes correspond- 
ing to the variations in the steel melting process, 
present another unsolved problem. 

Temperature control has been recognised as an 
essential factor governing casting conditions, 
and considerable work is now being done on this 
question with a view to overcoming some of the 
disabilities of the optical pyrometer, 
applied to foundry practice. 

As regards the accurate correlation of the pro- 
perties of the sand in the mould with the resul- 
tant effects on the casting, it has been recognised 
that at the very foundation of the problem lies 
the need for the availability of thoroughly stan- 
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dardised and accurate methods of assessing the 
moulding properties of foundry material. For 
this reason the Moulding Materials Sub-Com- 
mittee of the Iron and Steel Institute is giving 
particular attention to the examination of the 
present methods. The efforts of a national Sub- 
Committee which is engaged on the specification 
of standard methods for testing are also to be 
welcomed. The co-operating bodies are the 
Moulding Materials Sub-Committee of the Iron 
and Steel Institute, the Institute of British 
Foundrymen, the British Cast Iron Research 
Association, and the British Non-Ferrous Metals 
Research Association 

The field covered by the foregoing remarks is so 
wide that omissions are inevitable. Nothing has 
been said in the Paper concerning individual and 
independent research, which after all is and 
always will be the backbone of technical achieve- 
ment. On the other hand, attention has been 
directed te that.class of investigation which can 
be more profitably attacked by team work. In 
the organisation of such work it nyust often be 
necessary to allocate certain sections of the 
investigation to an individual scientific worker, 
whose task may be to work out a fundamental 
principle bearing on the general problem. The 
association thus brought about between the scien- 
tific worker and those closely in touch with the 
practical problem is of mutual benefit. With 
regard to the problem of co-operative research, it 
is hoped that the discussion will be directed to 
the possibilities of a wider exchange of ideas on 
these matters. 
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Some New Pouring Devices 


Considerable economies can be effected with- 
out a large outlay of capital by a more general 
adoption of a form of one-man ladle, and the 
photograph reproduced in Fig. 1 shows a device 
of this type used in conjunction with a 600-Ib. 
covered cylindrical ladle used for heavy flywheel 
castings. Each mould holds 60 lbs. of metal, and 
takes 60 secs. to pour. The ladle has a remov- 
able cover section, which helps to ensure that 
the metal is in good fluid state until the whole 








Fig. 1.—CyiinpricaL Lape (600 tas. Capa- 
city) CONTROLLED BY ONE MAN. 
has been poured. The ladle can be quickly 
raised or lowered by means of the handwheel 


shown, and the tilting is effected by means of a 
plain shank which, when in a vertical position, 
is locked by means of a suitable spring clip in 
the frame. This particular form of one-man 
ladle is a patented American design by the 


Modern 
ington, 

The photograph in Fig. 2 shows a double 
pouring device of the same type employing 
300-lb. ladles. In this case it will be seen that 
both ladles operate from one overhead travelling 
crane, which is provided with a movable bridge 


Equipment Company, of Port Wash- 











Fic. 2.—Dovusite Povrine DEVICE Two 


300-LB. LADLEs. 


FOR 


tT 


piece to suit varying distances between 
runners. The required adjustment for such dis- 
tance is readily made by means of the hand 
chain shown on the left of the illustration. 
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WORKINGTON & DISTINGTON 
MACHINE-CAST HEMATITE IRONS 





As the tractor is superseding the 
horse, so Machine-cast Iron is 
replacing old-fashioned sand-cast 
pig, with considerable advantage 
to the user. 


THE UNITED 


Mt 


COMPANIES LTD 


No sand, no unwieldly sows, 100% 
clean, usable iron which melts 
more quickly and saves fuel and 
limestone. Slabs are easy to handle 
by hand or magnet. 


Write for the book "Workington & Distington Machine-Cast Irons,” this also 
contains useful information regarding U.C.O. Machine-Cast All-Mine Iron. 


WORKINGTON IRON & STEEL COMPANY 


Branch of The United Steel Companies Limited 


WORKINGTON CUMBERLAND 


Telephone : Workington 206 Telegrams: “Mosbay” Workington 


DISTINGTON HEMATITE IRON CO. LTD. 
Associated with The United Steel Companies Limited 
WORKINGTON CUMBERLAND 


Telephone : Workington 207 Telegrams : “Ironworks” Workington 
@ W.44 
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The Week’s News in Brief 


Tesi Talk 


Hinckteys, Limirep, have changed their address 
from 11, East Parade Chambers, to ‘‘Sandiron”’ 
House, Beauchief, Sheffield, 8. 


THE FOLLOWING FIRMS have joimed the British 





Cast iron Research Association: Andersons, 
Limited, of Christchurch, New Zealand (repre- 
sentative: Mr. H. Anderson), and George 


Fletcher & Company, Limited, of Derby (repre- 
sentative: Mr. D. K. Seaton). 

Hics Duty Bronze, Limitep, have acquired a site 
extending to 94 acres at Langley, Bucks, and a 
new foundry has been erected. The company will 
in future be known as Langley Alloys, Limited. The 
existing personnel will remain. The manufacture 
of bronze castings, forgings and ingots, hitherto 
earried on by High Duty Bronze, Limited, will be 
continued and extended. 

FOLLOWING THE ANNOUNCEMENT last week that the 
Crown Agents for the Colonies had placed a con- 
tract valued at more than £90,000 with Stewarts 
and Lloyds, Limited, for the supply of pipelines in 
connection with the Ceylon hydro-electric schemes, 
it was learned that there is a possibility of an 
additional furnace being put into operation at the 
firm’s Clydesdale steelworks at Mossend. 

A 95-TON INGOT MOULD, which is being conveyed 
to Glasgow by road, has twice sunk into Dumfries- 
shire main roads on its way from Sheffield. The 
casting rests on a 25-ton 16-wheeler tractor and 
trailer. It is understood that Mr. Neil MacLean, 
M.P. for Govan Division of Glasgow, is to put a 
question to the Minister of Transport in the House 
of Commons in, connection with the casting. 

A LARGE extension is contemplated at the Clyde 
Alloy Steel Company’s works at Netherton, Mother- 
well, plans of which are now fully prepared. ‘This 
extension will cost about £100,000, and when com- 
pleted will provide for the enlarging of existing 
works departments and the formation of new ones. 
So great has the pressure been on the accommoda- 
tion at Netherton Works that it was found 
necessary to send out some of the orders to the 
Mossend Works of Colvilles, Limited, with which 
the company is allied, for the finishing processes. 
This will not be any longer necessary when the 
proposed extension is completed. 

THe Civit Derence Act requires every 
employing 30 or more persons to make, within one 
month of the date on which it received Royal 
Assent (July 13), reports to the Factory or Mines 
Inspector, or to the local authority as the case may 
be, as to the steps taken cr being taken for the 
training of their employees in air-raid routine and 
for the training and equipping of a suitable pro- 
portion of their employees in anti-gas, fire fighting 
and first aid. The A.R.P. Department of the Home 
Office has issued to all local authorities supplies of 
forms (C.B.T.1) for use by employers of more than 
30 fersons in commercial buildings. In the case of 


person 


factories the appropriate forms (F.P.T.1 and 
F.P.T.2) have been distributed to the Factory 
Inspectors. 


THE NuMBERS of volunteers enrolled in the main 


categories of the Central Register on July 22 were 
as follows: Scientific research, 6,456; industrial 
chemistry, 4,743; general engineering, 20,907; 


mining and metallurgy, 1,972; accountancy, 14,341 ; 
architectural and publi utilities, 17,075;  uni- 
versities and teaching, 4,617; administration and 
management, 6,297; linguists, 1,299; others, 2,619. 
The total is 80,326. The response has, in the main, 
been satisfactory, but some employers in certain of 
the more important categories have been reluctant 
to allow qualified members of their staff to volun- 
teer. It is thought that this may be due to a 
misconception of the use to which the Register 
would be put in war time Machinery will then 
exist to determine priorities of national importance 
between different classes of work, and before volun- 
teers already in employment are submitted for 
alternative sts, the observations of their 
employers will be carefully considered by expert 
committees appointed for the purpose. It is, there- 
fore, hoped that in the national interest employers 
will encourage their qualified staffs to enrol on the 
Register so that it may be equal to the calls made 
upon it in the event of war. It is to be remembered 
also that the Register will be available in war time 
for the use of employers as well as of Government 


Departments and that in certain circumstances they 
may find it of great use for securing replacements 
of staff. As the Register is intended as a pool from 
which to draw qualitied persons in war time, volun- 
teers should not expect to be allocated to specific 
posts in advance of an emergency, although it is 
proving possible to do this in a comparatively small 
number of cases. 








Obituary 





Pror. Dr. Prosper L’ORANGE, the inventor of the 
compressorless Diesel engine, has died at Stuttgart, 
aged 63 years. Descended from an old Hugenot 
family, Prof. l’Orange devoted over 30 years’ study 
and research to the development of the compressor- 
less Diesel. 

WE REGRET to announce the death of Mr. 
Barfield, 


Eric P. 
chairman and managing director of Wild- 


Barfield Electric Furnaces, Limited, on Monday 
last, after a short illness. His loss will be keenly 
felt not only by his colleagues but also by the 


many friends with whom he came into contact. 

Two MEMBERS of the staff of Edgar Allen & Com- 
pany (Canada), Limited, have died recently. Mr. 
E. J. Bourne, who was a representative in Montreal 
and the Maritime Provinces, had been with the 
company for twelve years. Mr, G. E. Membery was 
Ontario representative of the company, which he 
joined in 1920. 

THE DEATH occurred in London last week of Mr. 
Hugh Henshall Williamson, chairman of the board 
of directors of the Goldendale Iron Company, 
Limited, North Staffs. Mr. Williamson was one of 
the best-known ironmasters in the district, and 
owned extensive iron and coal properties in North 
Staffordshire. He was in his 79th year. . 

Mr. S. D. Wuire, a director of the General 
Electric Company, Limited, died last Sunday. Mr. 
White, who was 65, commenced his career with the 
G.E.C. in 1888, and last year was the recipient of 
a silver salver presented by Lord Hirst and his 
colleagues on the board to mark the completion of 
50 years’ service with the company. Mr. White 
became manager of the bell department in 1894, 
later becoming manager of the government and 
railways department. Among the other depart- 
ments in which he had a controlling interest were 
the bell, telephone, and radio departments. He 
was elected a director of the company in 1915. 








Personal 





Mr. Lewis Jones, M.P. for Swansea West, and 
secretary of the South Wales Siemens Steel Asso- 
ciation, has been made a Justice of the Peace for 
Swansea. 

Sin ANDREW Rag Duncan is joining the board of 
Imperia! Chemical Industries, Limited. Sir Andrew 
is chairman of the executive committee of the 
British Iron and Steel Federation, and a director of 
the Bank of England. 


Mr. E. Settman, chairman and managing director 
of Sellman & Hill, Limited, aluminium and 
stainless-steel hollow-ware makers, of Wolver- 
hampton, has been made a Justice of the Peace for 
borough of Wolverhampton. 


Mr. G. A. Arruur, staff manager 
of the Albion Motor Company, 
for the past nine years, has been appointed to a 
similar position at the new aero-engine factory 
which Rolls-Royce, Limited, are establishing at the 
Hillington Industrial Estate, Glasgow. 

ALDERMAN W. E, SHarpe has accepted an invita- 
tion to become the Mayor of Grantham in the 
coming year. Alderman Sharpe, who is an 
engineer in the employ of Ruston & Hornsby, 
Limited, served his time as a fitter at a Nottingham 
engineering works. He moved to Grantham in 1900 
on taking a position at the old Hornsby works, and 
has been with the firm ever since. 


Wills 


Kenrick, Smr G. H., of Archibald Ken- 
rick & Sons, Limited, hollow-ware 
manufacturers, West Bromwich 


at the works 
Scotstoun, Glasgow, 
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New Companies 


(From the Register compiled by Jordan & Song, 
Limited, Company ~—— Agents, 116 to 118, 
Chancery Lane, London, W.C.2.) 

B. & B. Metals, Limited, 36-39, Mincing Laue, 
London, E.C.3.—Capital £500. Directors: B. Be g- 
haus and E. A. Rehder. 


T. Jackson & Company, Limited, Pearson Street 





and Pool Street, Wolverhampton.—Capital £6\)0, 
Galvanisers, ironfounders, etc. Director: J. Shaw. 
cross. 


Howard Hall Development Company, Limited.— 
Capital £1,350. To take over the business of engi- 
neers carried on by J. K. H. Hall and H. M. Sal- 
mond at Fleetlands. Foundry, Fareham, and to carry 
on the business of ironfounders, etc. Directors: 
J. K. H. Hall, H. M. Salmond and A. Mathisen. 








Company Reports 





Broken Hill Proprietary Company, Limited.—N ct 
profit for the year ended May 31 of £1,431,518. 

Brightside Foundry & Engineering Company, 
Limited.—Dividend of 15 per cent. and a bonus of 
20 per cent. 


Partington Steel & Irom Company, Limited.— 
Revenue to June 30, £131,207; loan interest, £7,897; 
income tax, £34,448; net profit, £87,740; payment 
of 6 per cent. on the income debentures, £40,994; 
to debenture redemption, £40,000; net sum of £6,747 
applied to debit of £55,746 brought in, leaving 
balance of £49,000. 








Contracts Open 





Lochgelly, August 25.—20 steel lamp standards; 
lamp brackets and fittings, for the Town Council. 
Mr. A. Lumsden, burgh surveyor, Town House, 
Lochgelly. 

Slough, August 14.—2,500 yds. of 3-in. and 3,500 
yds. of 4-in. spun-iron pipes, for the Water Depart- 
ment. The Water Engineer’s Office, Town Hall, 
Slough. 








Patent Specifications Accepted 





The following list of Patent Specifications 
accepted has been taken from the ‘‘ Official 
Journal (Patents).”’ Printed copies of the full 


Specifications are obtainable from the Patent Office, 


25, Southampton Buildings, London, W.O.2, price 
ls. each. The numbers given are those under 
which the Specifications will be inted and 


abridged, and all subsequent proceedings will be 
taken. 


507,293. TamMMeRFoRS LINNE- OCH JERNMANUFAKTUB 
AXTIEBOLAG, and Carson, C. T. Reinforced 
water-cooled walls for furnaces of various kinds. 

507,316. Guaszer, W. Process for the manufacture 
of iron oxide. 

507,321. KoxHts- uND EISENroRSCHUNG GEs. 
facture of steel. 

507,341. Institut Fir PHYSIKALISCHE CHEMIE DER 
METALLE AM KaAtseR-WILHELM-INSTITUT FUR 
METALLFORSCHUNG. Surface improvement of 
metals and alloys. ; 

507,355. Kan, R. J. Improvement of phosphoric 
acid baths ‘employed in metallurgy. 

507,358. Roz & Company, Limrrep, A. V., and 
Taytor, R. F. Securing of sheet metal or 
other parts to structural members. 


Manu- 


507,362. Henze, W. Treatment of chromium ores. 

507,369. MANNESMANNROHRSN-WERKE. ‘Tube cool- 
ing bed. 

507,452. ScuHroeMaNn Axt.-Ges, Tilting or lifting 
tables for rolling-mills. 

507,558. Upy, J. Chromium metallurgy and 


the manufacture of chromium steel. 

507,572, Kartser-WitHELM-INsTITUT FUR EISENFOB- 
scHuNG E. V. Magnetic ore-dressing process for 
ferrous carbonate ores. 

507,599. Bascock & Wrtcox, Limirep. Means for 
electrically welding metallic projections on to 
metallic tubes. 

507,640. Bascock & Witcox, Limitep. Means for 
electrically welding metallic projections on to 
metallic tubes. 
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Air Compressors are built to last. Every week our post-bag brings letters 
referring to machines supplied ten, twenty, and even thirty years ago, and 
every letter is a testament of their reliability. 





So, when you decide that another Air Compressor is needed, write for our 
catalogue. You will have a wide range to consider (4 to 3,000 cu. ft. f.a.p.m.), 
and you will know, like the Dunlop Rim & Wheel Co. Ltd., whose TILGHMAN 
Compressors are illustrated above, that the machine you select will still be 
giving the same trouble-free service thirty years on. 





We also make Sand 
Blast Machinery and 
Dust Arresters. 

_ Send for literature. 


Our representative will 

be pleased to call on 

you. You will be under 
no obligation. 





TILGHMAN’S AIR COMPRESSOR CO., 


Proprietors: Tilghman’s Patent Sand Blast Co., Ltd. Broadheath, Nr. Manchester. 
London Office: 17 Grosvenor Gardens, S.W.1. 
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Raw Material Markets 


The large amount of work on hand has made it 
necessary that holidays at'the iron and steel works 
should be as short as possible this year. In many 
cases, however, works have been compelled to close 
in order that essential repairs to plant may be 
carried out. 





Pig-lron 

MIDDLESBROUGH.—Current requirements of 
Cleveland foundry iron are easily met from stocks, 
low as these are, and output is being curtailed. 
Many local consumers of foundry iron are buying 
from the Midlands and this, of course, is restricting 
trade with works in this area. At the same time, 
there is only a very small demand for Cleveland 
iron from Scotland. Hematite makers’ stocks are 
being steadily drawn upon in order to satisfy the 
current demand, which is in excess of production. 
There has naturally been something of a decline 
in trade this week and it can hardly be expected 
that the returns for the month of August will 
equal the July statistics, but the outlook is promis- 
ing. Business with works in the South Wales area 
is quite good, while Sheffield consumers, too, are 
taking fair deliveries. 

LANCASHIRE.—The foundry iron market in this 
area has been dull for a considerable time past 
and the holidays now being taken at many of the 
works have merely accentuated the quietness. It 
cannot be said that the outlook for the resumption 
of work is particularly promising, although certain 
consumers, notably the machine-tool and heavy 
electrical trades, are fairly well placed, and the 
demand for iron from these users is on a good 
scale. Business in hematite is satisfactory and sub- 
stantial despatches are being made from the makers’ 
works. 

MIDLANDS.—Both hematite and low-phosphorus 
irons continue to be well taken up, but the demand 
for high-phosphorus iron shows little expansion. 
Trade in the latter has, perhaps, improved slightly 
in recent weeks, but business is still far below the 
average level for the time of the year. Heavy 
engineering concerns and machine-tool makers are 
busy and are calling for substantial supplies of both 
low-phosphorus iron and hematite. Prices of the 
latter are controlled and will remain at existing 
levels until the end of October, while the quotation 
for the former is not controlled and varies from 
about £5 10s. to £5 12s. 6d. per ton. 

SCOTLAND.—Trade in foundry iron continues to 
be within narrow compass, although the outlook for 
the local foundries in many cases is rather better, 
with the exception of the light-castings branch, 
which continues to be short of work. Fair tonnages 
of Midland iron are being received in this area, 
thus restricting trade in local iron. The resumption 
of work at the steelworks after the holidays was 
good, and works are now accepting heavy deliveries 
of both hematite and basic irons. 


Coke 


A firm tone continues to prevail in the foundry- 
coke market, and consumers generally are covering 
their requirements, if they have not already done 
so, up to the end of the year. For delivery to 
Birmingham and district until December 31, the 
price of both Durham and Welsh cokes will be 
50s. 6d. per ton. 


Steel 


Although many steel plants have themselves had 
to cease work for a few days in order to carry 
out necessary repair work, the opportunity to make 
up some of the leeway in deliveries to consumers 
has been welcomed during the time that the latter 
have been idle. All sections of the industry remain 
very active. The shipbuilding industry is calling 
for heavy tonnages of plates and sections, while the 
sheet trade is as strong as ever and the demand 
appears to be insatiable. There is-a tendency for 
delivery dates of certain heavy products to become 
still farther extended. 


Scrap 


It is understood that additional heavy shipments 
of iron and steel scrap from the United States have 
recently been arranged, which should considerably 


relieve the shortage which still exists at many steel- 
works in this country. About 82,000 tons of scrap 
are expected to arrive here from America during 
this month and next. Poland and Japan, which 
recently were heavy buyers of American scrap, have 
not lately done any business, and recent chartering 
has been solely for consignments to this country. 
A moderate business is being done in iron scrap, 
but the supply is generally ample to meet current 
requirements. 





Metals 


Holidays this week have interfered with business 
on the London Metal Exchange, but a firm tone has 
prevailed generally since the resumption of trading, 
and the industrial demand may be expected to make 
an early return to recent levels. 

Copper.—-The price of this metal last week touched 
the highest level so far this year. Consumers have 
been in the market for fair tonnages, while there 
has been support from speculative interests. Prices 
gathered momentum owing to a tightness of prompt 
supplies. Consumption of this metal has displayed 
a big increase in recent months, and the Copper 
Control Committee are believed to be contemplating 
enlarging the output quota. In the United States, 
where domestic sales in July constituted a record 
figure at 182,576 short tons, the demand for copper 
has been quite brisk of late. In addition to the 
heavy business at home, trading on export account 
in recent weeks has been substantial. 

Metal Exchange quotations were as follow :— 

Cash.—Thursday, £44 12s. 6d. to £44 13s. 9d.; 
Friday, £44 18s. 9d. to £44 15s.; Tuesday, £44 lis. 


to £44 16s. 3d.; Wednesday, £44 12s. 6d. to 
£44 13s. 9d. 

Three Months.—Thursday, £44 15s. to 
£44 16s. 3d.; Friday, £44 17s. 6d. to £44 18s. 9d.; 


Tuesday, £44 17s. 6d. to £44 18s. 9d.; Wednesday, 
£44 lis. to £44 16s. 3d. 

Tin.—Business in this metal continues to be rather 
dull, with sales only moderate at £230 per ton for 
cash metal. The International Tin Committee is 
keeping a watchful eye on the position in Bolivia, 
where General Busch has expropriated the tin mines. 
It is understood arrangements are being made with 
Germany for the purchase of all necessary equip- 
ment, in return for which it is expected that ex- 
ports of ore will be confined to the totalitarian 
States. 

Official quotations were as follow :— 

Cash.—Thursday, £229 17s. 6d. to £280; Friday, 
£229 17s. 6d. to £230; Tuesday, £229 17s. 6d. to 
£230; Wednesday, £229 17s. 6d. to £230. 

Three Months.—Thursday, £225 5s. to £225 10s. ; 


Friday, £225 10s. to £225 12s. 6d.; Tuesday, 
€225 10s. to £225 15s.; Wednesday, £225 10s. to 
£225 15s. 

Speiter.— Although activity in this market has 


been retarded by the holidays, the tone remains 
firm. and, with the galvanisers continuing to be busy 
on Government work, the outlook, on the whole, is 
satisfactory. It is anticipated that further efforts 
to re-form the International Zinc Cartel will be made 
in the autumn. 

Daily market prices :— 

Ordinary —Thursday, £14 10s.; Friday, £14 10s. ; 
Tuesday, £14 lls. 3d.; Wednesday, £14 8s. 9d. 

Lead.—The price of this metal reached its highest 
level of the year last week and an active tone has 
been evident in the market. In November of last 
year a cut in the production of lead was made 
amounting to 10 per cent. and it is now suggested 
that output will have to be expanded, as supplies 
are on the tight side and recent business has in- 
volved heavy tonnages. Consumption at the present 
time is mostly confined to rearmament projects and 
ordinary demand is at rather a poor level. 

Day-to-day quotations :- 

Soft Foreign (Prompt).—Thursday, £15 18s. 9d. ; 
Friday. £16 1s. 8d.; Tuesday, £16 3s. 9d.; Wednes- 
day, £16 1s. 3d. 

Scrap.—The market is firm, but business has been 
under the average level of recent weeks, owing to 
holiday interruptions. Old rolled aluminium is now 
available in better tonnages, but the supply of alu- 
minium cuttings continues to be restricted. 

Approximate selling prices for old metal are as 
follow :—New aluminium cuttings, £74; rolled, £62; 
cast, £31 to £35; foil, £80. Copper, £39 to £44; 
braziery, £38. Brass (clean), £24 to £27. Zine, 
£9 10s. Lead, £15. Gunmetal, £40. 
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Catalogues Received 


Ironclad Switchgear. The 6th edition of the 
General Electric Company’s (Magnet House, 
Kingsway, London, W.C.2) catalogue has 
recently been issued. It is slightly wider in 
scope than in previous editions. An important 
alteration has been made, in that the ironclad 
gear is now finished to match Silverclad conduit 
as standard instead of black enamel. The 
catalogue is very comprehensive and contains 
84 well-illustrated pages. It is the type of 
catalogue that works managers naturally file, as 
its utility to that type of executive is un- 
questioned. 


Fans. When perusing a new publication— 
‘* Mechanical Draft,’’ issued by Davidson & Com- 
pany, Limited, Sirocco Engineering Works, 
Belfast—the reviewer was particularly impressed 
with Fig. 3, which reproduces curves showing 
the theoretical draft produced by chimney stacks 
of various heights and with different temperatures 
of the flue gases and of the atmosphere. It is pre- 
sumed that the conditions illustrated refer to 
sea level, as increasing height must also have 
a profound effect. This diagram is included for 
the purpose of showing that mechanical draft is 
more efficient for solid-fuel-fired steam-raising 
installations. This brochure is quite a textbook 
on the subject as it runs to over fifty well- 
iJlustrated pages, in which many auxiliary phases 
are dealt with. 


Foundry Plant. A four-page folder printed in 
two colours on stiff cardboard, received from 
William Cumming & Company, Limited, of Kel- 
vinvale Mills, Maryhill, Glasgow, N.W., and 
elsewhere, carries illustrations of the ‘‘Cumming 
Quartet.’”’> The quartet comprises a crucible 
furnace; a 75-lb. sand mixer; a hand ram 
moulding machine; and a new type of electric 
riddle which, in addition to ordinary sieving, 
rejects oversized matter and is self-emptying. 


Small Blowing Fans. In their sectional cata- 
logue, V.97, Keith Blackman, Limited, of Mill 
Mead Road, Ferry Lane, Tottenham, London, 
N.17, illustrate and outline a comprehensive 
line of smiths’ hearths and small electric fans. 
The fans dealt with are, generally speaking, 
those from which continuous service is required 
to give air pressures up to a maximum of a 
pound per square inch. Each type is illustrated, 
and data are given of the range in tabular form 
together with the price. 

The later pages are devoted to smiths’ hearths 
of many types, whilst on the inside of the back 
cover an interesting lay-out is given for smoke 
removal from a smithy having ten hearths. The 
catalogue is available to our readers on request. 








Book Review 





First Steps in Machine Drawing and Design. 
By L. A. Johnson. Published by Pitts’ 
Popular Publications, 56, Talfourd Road, 
London, S.E.15. Price 1s. 6d. 

This book is divided into two parts. The first 
is headed ‘‘ Machine Drawing and Design and 
Simple Fastenings,’’ and the second ‘‘ Materials 
of Construction.’’ The first part, though very 
elementary, is excellent, and the reviewer has 
nothing but praise for it, but he is equally 
emphatic that Part II is useless as an intro- 
duction to the study of materials of construction. 
Only a complete rewriting would make it 
acceptable. 








Samuet Fox & Company, LimiTep, are installing 
a 10-ton electric furnace at their Stocksbridge works. 
The furnace. which was designed and is being built 
by Siemens-Schuckert, will be the first of its type 
to be put into operation in this country. 
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